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Abstract 



Polyesterdiols having low viscosities of less than 3500 cps, high content of non-volatile matter in excess of 
96 wt %, and narrow molecular weight distribution of less than about 1 .4 are prepared by esterification of 
one or more aliphatic dicarboxylic acids or ester derivatives thereof using at least a 1 .5 molar excess of 
one or more aliphatic diols until an acid number of less than 20 is achieved, and stripping excess diol from 
the poiyesterdiol reaction product. Where esterification catalyst is used, catalyst is substantially removed 
prior to stripping excess unreacted diol from poiyesterdiol reaction product. The polyesterdiols so produced 
are useful as (i) curable components in thermosettable resin compositions, particularly compositions 
essentially free of volatile organic solvent and also containing a crosslinking agent and a reactive hardening 
agent: and/or (ii) useful as coatings, paints and adhesives, providing coatings with very low content of 
volatile organic compounds. 
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(57) Abstract 



Polyescerdiols having low viscosities of less than 3500 cps, high content of non-volaUlc matter in excess of 96 wt.%. and narrow 
molecular weight distribution of less than about 1.4 are prepared by esterlfication of one or more aliphatic dicaiboxylic acids or ester 
derivatives thereof using at least at 1.5 molar excess of one or more aliphatic diols until an acid number of less than 20 is achieved, and 
stripping excess diol from the polyesterdiol reaction product. Where esterificatton catalyst is used, catalyst is substantially removed prior to 
stripping excess unrcacted diol from polyesterdiol reaction product The polyesterdiols so produced are useful as (i) curable components in 
thennoscttablc resin compositions, particularly compositions essentially free of volatile organic solvent and also containing a cross-Unking 
agent and a reactive hardening agent; and^or (ii) useful as coatings, paints and adhesives. providing coatings with very low content of 
volatile organic compounds. 
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LOW VISCOSITY. HIGH SOLIDS POLYESTERDIOLS AND 
COMPOSITIONS CONTAINING SAME 

This invention relates to low viscosity, high solids content 
5 polyesicrdiols, their use in high solids content, curable resin compositions and 

curable coating compositions containing these polyestcrdiols which arc essentially 
free of volatile organic compounds. 

Polyester diols having a relatively low viscosity and a relatively high 
content of non-volatile material (NVM) are known in the art. These materials arc 

10 useful as components in curable formulations such as coatings, paints or adhesives 

and as precursors in the preparation of polyurethanes. Thtsc polyester diols are 
generally prepared by reacting Ca to C20 aliphatic, cycloaliphatic, or aromatic 
dibasic acids or acid derivatives (or mixtures thereoO under esterification 
conditions with a molar excess of one or a mixture of aliphatic polyols, to produce 

1 5 polyester diols having the general structure: 

H0[ R'OOC-R"-CO0)„R*-OH 
where R' is the organic residue of an aliphatic polyol and R" is the organic residue 
of a dibasic acid or acid derivative. Polyester diols. also referred to as polyester 
di(poly)ols arc tclcchelic oligomers which are especially useful as binder 

20 components in curable resin systems, as stated above. Because of concerns in the 
paint and coaling industry with respect to reduction of solvent (volatile organic 
compound or VOC) emissions into the atmosphere during baking of the resin 
composition, there is a considerable interest in providing reactive polyesterdiol 
components which have both very low viscosity and very low VOC content. The 

25 lower the polyesterdiol viscosity, the less solvent will be required to be added to 
the resin composition in order to produce a coating or paint which is readily 
sprayable on substrates. However, even in the case of low molecular weight 
polyesierdiols, reduced solvent content results in a coating composition too 
viscous to be applied by spray at low temperatures. For example, US-A-4243705 

30 teaches spray application of such coatings at temperature up to about 250°F. 
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US-A-399485I teaches high solids coating composiiions. The 
polyols have a low viscosity but these viscosities appear to be based on the ester- 
containing polyol "as synthesized", containing a considerable amount of unreacted 
polyol diluent The reference does not disclose that unreacted polyol is removed. 

In many cases, the term NVM means that the polyester does not 
contain any added solvent and docs not mean 100% NVM a.s defined by 
ASnvi D2369-90. Sometimes it is referred to as "Theoretical" or "Calculated" 
NVM. For example. Cargill (now McWhorter) commercial 100% NVM polyesters 
57-5763. 57-5879 and 57-5880 have NVM measured according to AS™ D2369- 
90 of about 91%. 72% and 74% respectively and. thentfore. contain significant 
VOC which is primarily unreacted diol. 

Transestcrification of the polye.sierdiol during stripping can lead to 
a product having an increased molecular weight, a broader molecular weight 
distribudon and an increased viscosity of the stripped polyesierdiol. In addition, 
transesterification is accompanied by the development of monomeric diol as a 
transesterification by-product which is counterproductive to achieving a product 
having a high NVM content 

TTius. the goal to achieve aliphatic polyesterdiols of low viscosity 
and having a very low content of residual diol using post-synthesis stripping 
techniques is counteracted by the problem of viscosity and molecular weight 
increase of the polyestcrdiol which takes place as a consequence of the stripping 
step. Viscosities of polyesterdiols depend on their monomer compo.sitions and," 
even at the same molecular weight and molecular weight distribution, viscosities 
can be significantly different 

Therefore, an important goal of the invention is to provide a 
definition of the optimal molecular weight distribution providing optimal viscosity 
for any panicular polyesterdiol comprising aliphauc diacid moieties, technique to 
measure their molecular weight and molecular weight distribution, indusuially 
viable technique to produce such polyesterdiols and the polyesterdiols themselves. 
High purity polyesterdiols produced according to the process of the present 
invention are among the goals of the present invention. Accordingly, the present 
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invention provides polyestcrdiol materials having both a very low viscosity below 
3500 cps and a very high content of non-volatile material in excess of 96 wt% and 
up to about 100 wt%. The invention also provides processes for the production of 
aliphatic polyester diols wherein transcsterification reactions encountered during 
heat stripping of unrcacted diol art markedly reduced. The invention provides 
crosslinkable compositions providing improved propcrucs and lower VOC 
comprising the polyesterdiols of the present invention. The major function of 
solvents in coating composition is to reduce viscosity to the level necessary for 
applicability by techniques developed for liquid coating compositions, especially for 
spray. 

Despite numerous efforts, industry still does not have the solvent- 
free curable compositions with low viscosity applicable by techniques developed 
for liquid coating compositions. The invcndon provides liquid, curable, 
polyesterdiol-conlaining coaling compositions which are essentially free of VOC- 
generating solvents, including unrcacted diols. and which can be applied to 
substrates at low temperature using conventional applicadon methods. 

The present invention provides a polycsterdiol composition having 
the average structure: 

HO [ROOC - Ri - C00\ R ' OH 

wherein R is a moiety derived from one or a mixture of aliphatic diols having from 
2 to 12 carbon atoms, Ri is a moiety derived from one or a mixture of aliphatic 
dicarboxylic acids having from 4 to 36 carbon atoms or a mixture of said aliphatic 
dicarboxylic acid with up to 50 mo\% of an aromatic and/or cycloaliphaiic 
dicarboxylic acid having from 8 to 12 carbon atoms and n a number averaging 
from greater than 1 to less than 3. said polyester diol characterized by a Brookfield 
viscosity of less than 3500 cps at 25**C. a non-volatile material content in excess of 
about 96 wt%, and a polydispcrsity of less than about 1.4. Preferably n has an 
average value of about 2.0 or less. 

The invention also provides a process for producing a polyester diol 
composition having a viscosity of less than 3500 cps at 25°C, a non-volatile 
material content in excess of about 96 wt*?fc and a polydispcrsity of less than L4 

-3- 
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comprising: l.(a) heating under estcrification conditions and in the absence of 
added csterification catalyst a mixture comprising: (i) at least one aliphatic 
dicarboxylic acid or acid anhydride thereof or a mixture of an aliphatic dicarboxylic 
acid or acid anhydride thereof unth up to 50 moI% of an aromatic or cycloaliphatic 
dicarboxylic acid or acid anhydride thereof, and (ii) at least one aliphatic dioi. said 
diol present at a molar ratio of diol to dicarboxylic acid of at least 1 .5 to 1 ; (b) 
continuing said heating until a polyesterdiol having an acid number of less than 20 
is obtained; or n.(a) heating under csterification conditions and in the presence of 
catalytic quantities of csterification catalyst a mixture comprising: (i) (A) at least 
one aliphatic dicarboxylic acid or anhydride thereof or lower alkyl diester thereof, 
or (B) a mixture of aliphatic dicarboxylic acid or anhydride thereof or lower alley! - 
diester thereof and up to 50 mol% of an aromatic or cycloaliphatic dicarboxylic 
acid or anhydride thereof or lower alkyl diester thereof and (ii) at least one 
aliphaUc diol. said dioi present at a molar ratio of diol to dicarboxylic acid or 
derivative thereof of at least 1.5 to 1: (b) continuing said heating until said 
csterification reaction is substantially complete and an acid number of less than 20 
IS achieved, (c) removing said csterification catalyst from the product of step (b) 
such that the product contains less than catalytic quanuties of said catalyst; and 01. 
stripping the product by heating at a temperature of less than about 230°C. 
optionally under vacuum, until a polyesterdiol having an NVM contem in excess of 
96 wt% is obtained. 

The invention is also a crosslinkable coating composition 
comprising a mixture of: 

a. one or a mixture of a poly(oligo)meric hydroxy-functional polymer 
components selected from the group consisting of di(poly)cstcrs. alkyd 
resins, acrylic resins, polyether polymers, polycarbonate re.<!ins. and 
poly(oligo)mcni which contain a combination of two or more of ester, 
ether, carbonate, acrylic and alkyd moieties in their sUTicture. said 
polymeric component further characterized as a having a number average 
molecular weight within the range of about 250 to about 20.000: and 
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b, from about 2 to about 95 wt% of the polyesterdiol composition 
above. 

The inveniion is also a composition ascful as a reactive diluent and 
hardening agent for hydroxy functional poly(oligo)mer and amino-crosslinker 
compositions, comprising: 

a. 10-95 wL% of the polyesterdiol above having a Mn less than 700; 
and 

b. 5-90 wL% of a hardening agent compatible with said polyesterdiol 
and having a Mn less than 800; 

said composition haying a viscosity less than 85.000 cps and a non- 
volatile material content of more than 96 wl%. or of 98-100 wL% and a viscosity 
of less than 50,000 cps. 

The invention is also a crosslinkable coaling composition which is 
essentially free of volatile organic solvent and which has a Brookfield viscosity of 
less than 3,000 at 25*C, comprising a mixture of: 

a) a polyesterdiol having the average su^ucture: 

HO[ROOC-R,-COO)„R-OH 
wherein R is a moiety derived from one or a mixture of aliphatic diols 
having from 2 to 12 carbon atoms, Ri is a moiety derived from one or a 
mixture of aliphatic dicarboxylic acids having from 4 to 36 carbon atoms or 
a mixture of said aliphatic dicarboxylic acid with up to 50 mol% of an 
aromatic and/or cycloaliphatic dicarboxylic acid having from 8 to 12 carbon 
atoms and n a number averaging from greater than 1 to less than 3, said 
polyester diol characterized by a Brookfield viscosity of less than 3500 cps 
at 25**C, a non-volatile material content in excess of about 96 wt%. a 
polydispersity of less than about I A and a number average molecular 
weight of less than about 700; 

b) an amino crosslinking agent, present in said composition in an 
amount sufficient to crosslink said composition; and 

c) 0 up to about 50 wt% of a hardening agent containing functional 
groups reactive with said amino crosslinking agent and which is compatible 

-5- 
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with said polycstcrdiol. said hardening agent having a number average 

molecular weight of less than about 800. 

The invention is also, in a catalyzed coating process to achieve a 
coating having a first hardness and meeting EPA-measured VOC. the improvement 
comprising; 

a. using on a substrate, a coating composition essentially free of 
volatile organic solvent and unreacted diol; and 

b. (i) increasing the baking time or temperature or both; or (ii) 
reducing the catalyst level or activity: or (iii) both (i) and (ii); and 

c. (i) producing a coating having hardness higher than said first 
hardness while meeting or reducing EPA-measured VOC; or (ii) reducing _ 
EPA-measured VOC while obtaining or exceeding said fiist hardness. 

The polyesterdiols produced in accordance with the present 
invention are essentially free of catalytic impurities and are particularly suitable for 
use as reactive binder components in curable coating formulations or as reactive 
diluents in such formulations, capable of participating in binder cros.slinking 
reactions, thereby providing low viscosity formulations with an extremely high 
NVM content. 

In particular, the present invention also provides for low VOC 
content curable coating compositions comprising a low viscosity polycstcrdiol as 
described above, an effective amount of an amino crosslinking agent and, 
optionally, also containing an effective amount, preferably up to about 50 wt% of a 
hardening agent which has functional groups reactive with the amino crosslinking 
agent and which is compatible with the polycstcrdiol component of the 
composition, and optionally a pigment or pigment composition or pigment filler 
composition. Preferred compositions, which can be made to be essentially free of 
VOC-gcncrating solvents can be prepared utilizing a polyesterdiol component as 
described above but having an Mn of less than 700. a hardening agcm having an 
Mn of less than 800 and an amino crosslinking agent, preferably a methylol 
(alkoxymcthyl) amino crosslinking agent, present in said composition in an amount 
sufficient to crosslink the composidon. 
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Fig. 1 shows a chromatognim and calibration curve relating to the 
GPC process used for determining molecular weight in accordance with this 
invention. Fig. 2 is a plot showing GPC data for propylene glycol adipaie 
produced in accordance with Example 13 prior to and subsequent to stripping of 
excess diol according to Examples 1 1 and 1 2. Fig. 3 is a plot showing GPC data 
for propylene glycol adJpate produced in accordance with Example 14 prior to and 
subsequent to stripping of excess dio) according to Examples 1 1 and 12. 

The invention is based on the unexpected discover}' that, when 
polyesterdiols are prepared from a monomer mixture comprising one or more 
aliphatic dicarboxylic acids or anhydrides and one or more aliphatic diols in a molar 
excess of the diol to total content of diacid of at least 1.5 times in the absence of 
catalyst, and the reaction continued until a low enough acid number is achieved, 
the polyesterdiol mixture with the excess of unreacted diol formed during the 
reaction acquires an exceptiondl resistance to transesteriflcation and the excess of 
diol can be distilled out of the mixture, even at temperatures as high as reaction 
temperatures, without substantial negative effect of the distiUation on molecular 
weight distribution and viscosity of the polyesterdiol. 

This exceptional resistance to transesterification allows distillation 
of more than 50%, preferably more than 75% and more preferably more than 90% 
of the unreacted diol from the polyesterdiols comprising ester groups derived from 
aliphatic di acids without any substantial transesteriflcation taking place. As a result 
of this discovery, stable polyesterdiols can be prepared with a highly desirable 
combination of properties, i.e., a very low viscosity and very high NVM, in most 
cases in the range of 99-100%. The viscosities achievable in accordance with the 
present invention are often 2-3 times less than the viscosity of corresponding low 
molecular weight commercial products or products described in the literature. 
These new materials are effective components for use in compositions targeted for 
further reduction of VOC in different formulations. 

As indicated above, the polyesterdiols of the present invention may 
be prepared by the esierification reaction of at least one aliphatic dicarboxylic acid 
or anhydride derivative thereof and at least 1.5 times molar excess of at least one 

-7- 
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aliphatic diol. The reaction is driven until the acid number of the polycsterdiol 
rcacdon product is less dian 20. preferably less than 10. more preferably, less than 5 
and tnost preferably less than 3. 

The results were further generalized to the production of 
polyesterdiols in presence of a catalyst. When the diacid components are used in 
the diacid or anhydride form, or in the form of lower dialkyl ester, or a combination 
thereof, the reaction should be driven to completion by achieving an acid number 
of less than 20. preferably less than 10. more preferably less than 5 and most 
preferably less than 3. and. in case of the dialkyl ester, the liberation of essentially 
all of the monoalcohol byproduct Residual catalyst present in the resulting 
polycsterdiol is then at least panially removed such that less than catalytic 
quantities of catalyst remain. Equimolar quantities of the diol and lower dialkyl 
ester can be substituted with a lactone. 

Hie resulting aliphadc polycsterdiol produced by cither method is 
^ extremely resistant to funher transesterification reactions such that most or all of 
the excess unreacted diol can be heat stripped from the polycsterdiol widioul 
significant funher ester exchange reactions taking place. The resulting products 
accordingly have a low viscosity of less than 3500 cps at ZS'C. an NVM content of 
greater than 96 wt%. a polydispcrsity (Mw/Mn) of less than 1 .4 and a number 
average molecular weight (Mn) in the range of from about 250 to 1.000. 

The dicarboxylic acid component used to prepare the polyester diols 
includes aliphatic dicarboxylic acids or a mixture of aliphatic and up to 50 mol% 
cycloaliphatic and/or aromatic dicarboxylic adds, having from 4 to about 36 
carbon atoms, more preferably fh)m about 4 to 10 carbon atoms. TTie carboxyl 
groups may be present in the form of anhydride groups, lactone groups, or 
equivalent ester forming derivatives such as the C, to C4 dialkyl ester. Suitable 
aliphatic acids include adipic acid, succinic acid, glutaric acid, fumaric acid, maleic 
acid, azelaic acid, sebasic acid. C,, dimer acid, caprolactonc. propiolactone. 
substituted malcic and fumaric acids such as citraconic. chloromaleic. mcsaconic. 
and substituted succinic acids such as aconitic and iuconic. and mixtures thereof. 
A combination of aromatic and aliphatic dicarboxylic acids or a combination of 

-8- 
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cycloaliphatic and aliphatic dicarboxylic acids or combinations of all three types 
may also be used. Suitable aromatic acids are phthalic acid, isophthalic acid, 
icrephthalic acid, their respective anhydrides and like materials. However, where 
polyester diols having very low viscosity are desired, the most preferred acids used 
5 for the purposes of this invention consist of linear saturated aliphatic dicarboxylic 
acids having from 4 to 10 carbon atoms such as succinic, glutaric. adipic, and 
similar materials, or mixtures of such acids with less than 25 raol%, preferably less 
than 10 mol% of aromatic and/or cycloaliphatic dicarboxylic acids. Up to about 10 
mole% of the diacid component may also be replaced with one or more 

10 tricarboxylic acids. 

Diols used in preparing the polyesterdiols are C2 to C12 diols with 
primary, primary-secondary or secondary hydroxyls. Tertiary hydroxyls should be 
avoided due to their slow reaction in the estcrificacion process and instability under 
reaction conditions. Examples of suitable diols arc ethylene glycol; propanediols 

15 12 and 1,3; butancdiols 1,2, 1,3 and 1,4; 2-methyl propanediol 13: neopenlyl 

glycol; hexanediols 13 and 1,6; 2-cthyl-hcxancdiol 1,3; peniancdiol 1,3; 2-methyl- 
2-clhyI propanediol 1,3; 2-butyl-2-ethyl propanediol 1.3; hydroxy pivalyl hydroxy 
pivalate; decanediol 1.10; dodecanediol 1,12; and like materials. Up to about 10 
mole % of the dio! component may also be replaced with one or more triols. and 

20 thus the term "polyesterdjol" is inclusive of such polyestcr(poly)ols which would 

result. Diethylene glycol, trieihylenc glycol, dipropylene glycol, tripropylenc glycol 
and the like can also be used according to the present invention to produce low 
viscosity polyesterdiols. However, incorporation of the ether group is detrimental 
to oxidation stability of the polyesters and products containing such polyesters. 

25 In order to avoid the development of a polycstcrdiol product which 

is crystalline at room temperature, it is preferred to avoid the combination of the 
single linear aliphatic dicarboxylic acid component adipic acid and the single linear 
diol component ethylene glycol. Where linear acids or diols are used exclusively, 
crystallization may be avoided by using a combination of at least two different 

30 linear acids and/or a combination of at least two different linear diols. Most 

preferably, the diol component consi.sts of a 1,2 or 1,3 branched chain diol having 
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at least one alkyl substitueni group at the alpha or beta positions from a hydroxy! 
group, becau.se aliphatic polyesterdiols containing these branched chain diol 
components offer the best resistance to transcstcrification and hydrolysis of the 
polyesterdiol. 

One of the key factors towards achieving polyester diols having 
both low molecular weight and narrow molecular weight distribution is that the 
esterification reaction is conducted using a molar excess of diol. TTie molar ratio of 
diol to diacid should be greater than 1.5 to 1 up to about 6 to 1. more preferably 
from about 2:1 up to about 4:1. TT.ese diols to diacid ratios form strong synergy 
with high stability to transesterification. 

■Die combination of higher diol to diacid ratio combined with 
removal of unreacted diol wi Aout significant transesterification impart a lower 
molecular weight and more narrow molecular weight distribution to the 
polyesterdiols and both of these factors are beneficial for the development of lower 
viscosity of the polyester diols. As a result, polyesterdiols with a pclydispcrsity 
(polydispersion coefficient) ^ of less than 1.4. preferably less than 1.35,more 
preferably less than 1.3 and most preferably less than 1.25 are readily produced. A 
special absolute calibration GPC Technique was developed to determine molecular 
weights, molecular weight distribution and polydispersion coefficients for the 
polyesterdiols produced according to present invention, as described below. 

The esterification reaction may be conducted in the presence or 
absence of a conventional esterification catalyst. The addition of proper catalyse 
can be beneficial in accelerating the reaction, and catalysts are required where the 
dicarboxylic acid is in the form of the dialkyl ester derivative. Suitable catalysts for 
the reaction include numerous oxides, salts, and alcoholates of Group II to V 
metals, such as Zn. Sn. Al. Mn. and Ti which are known as esterificaUon and 
transesterification catalysts. Other catalysts include such metalloid compounds as 
B:0,. H,BO,. Sb,03. As,03. etc. The catalyst employed can also be a weak acid 
such as phosphorous acid, phosphoric acid, or hypophosphorous acid, or a strong 
acid catalyst such as p-toluenc sulfonic acid and methane sulfonic acid. Preferred 
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catalysts include titanium tetra butylate or isopropylate. The catalyst is generally 
employed at catalytic levels based on the weight of thc reactants, typically from 
about 0.01 to about 2.0 wt?c. more preferably from about 0.05 to 1.5 wt%. 

Where a catalyst is employed in the esterifi cation reaction, it must 
5 be substantially removed from the polyesterdiol reaction product prior to stripping 

excess diol from the product Sufficient catalyst should be removed such that the 
resulting product contains less than catalytic quantities of residual catalyst. If the 
catalyst is not removed, it will tend to catalyze transesterificaiion (ester exchange) 
reactions during the stripping process, leading to products having unacceptable 

10 properties in terms of molecular weight, molecular weight distribution, viscosity, 
NVM and catalytic impurity content. 

The catalyst is preferably removed by treating the polyesterdiol 
reaction product containing residual catalyst with an agent which will convert the 
catalyst to a form which is insoluble in the reaction product, followed by removing. 

15 e.g., filtering, the treated reaction product to remove precipitated insoluble catalyst 
particles. One preferred method for catalyst removal is hydrolysis of hydrolyzable 
catalyst by adding water or mildly alkaline water to the reaction product and 
heating the product at about 75 - 100*'C for a period of time sufficient to hydrolyze 
the catalyst and form the insoluble catalyst hydrolysis product Another technique 

20 involves in-situ conversion of the catalyst to a reaction product-insoluble salt 
followed by removal, e.g., filtration, of the insolubilizcd particles as described 
above. Other techniques for catalyst insolubilization will occur to those skilled in 
the art. While the catalyst may not be totally precipitated out by such processes, 
sufficient catalyst should be removed such that any residual catalyst in the 

25 polyesterdiol reaction product is present at less than catalytic quantities, preferably 
below about 0.0 1 wt%, based on the weight of polyesterdiol reaction product 

The polyeslerdiols may be prepared by conventional esterification 
reactions wherein a mixture of dicarboxylic acid or acid derivative and diol, along 
with catalyst where present and optional organic solvent e.g.. toluene, are heated 

30 under inert atmosphere in a stirred reactor equipped with condenser. Esterification 
is conducted by gradually raising the temperature of the reaction mixture from 
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about 1 40'C up to about IWC where no cataJyst is used, more preferably from 
about I40'C to about 240'C. Where esterification catalysi.is used, the maximum 
heating temperature preferably lies In the range of 200-240°C. However, in many 
cases the required acid number can be achieved at temperatures below the above 
recited maximums. 

Heating is continued until the evolution of water or C, to Q alcohol 
is essentially complete and a polyesterdiol having an acid number of less than 20. 
preferably less than 10. more preferably less than 5 and most preferably less than 3 
is achieved. Addition during the reaction of small amounts of an epoxy compound 
will form ester groups with free carboxylic acid groups, thereby assisting in 
achieving the these low acid numbers. Suitable epoxy compounds include ethylene - 
oxide, propylene oxide, butylcne oxide and glycidyl esters of carboxylic acids, 
particularly glycidyl esters of neoacids. An example of the latter is the glycidyl 
ester of neodecanoic acid marketed by Exxon Chemical Co. under the trade name 
Glydexx® N-10. 

Removal of unreactcd diol from the polyesterdiol reaction product 
may be conducted using conventional distillation techniques. Typically the 
dijiUllation is conducted at reduced pressure, e.g.. about 300 to 0.01 torr. and at 
temperatures above lOO'C up to generally below the amiospheric boiling point of 
the reaction mixture, preferably below about 220*C. more preferably below about 
200'C. and most preferably below about 1 80"C. Because the polyesterdiols of the 
present invention are resistant to transcsterification and hydiolysis, water in the 
fonn of steam can be added to the polyesterdiol reaction product during distillation 
to facilitate removal of excess diol. Generally distillation is conducted until at least 
about 75 wt%, more preferably at least about 90 wt% of unreacted diol present in 
the polyester diol is removed such that the resultant polyester diol has an NVM 
content of greater than about 96 wt%. preferably greater than 98 wt%. more 
preferably greater than 99 wt%, up to about 100 wt%. 

As indicated above, the polyesterdiols of this invention are 
characterized as having low viscosities of less than 3500 cps, preferably less than 
3000 cps and more preferably in the range of from about 300 to 2,000 cps, even 
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more preferably in the range of from about 3(X) to less than 1 .OOO cps. For the 
purposes of this invention, polycstcrdiol viscosities are determined using a 
Brookfield viscometer at 25*C. 

The number average molecular weight of the polyesterdiols of the 
5 invention is generally up to about LOGO, more preferably in the range of about 250 
to 600. Molecular weight (number and weight average) is determined by GPC 
(Gel Permeation Chromatography), as described below. 

Conventional methods for determining molecular weight (MW) and 
molecular weight distribution (MWD) by GPC, such as disclosed in US-A- 
1 0 454077 1 , are not actual measures of "real" M W or MWD. To better define these 
real values, a self calibrating GPC technique was developed. 

The GPC system that has been used for the analysis of polyester 
samples is a standard Waters System. Instrument descripuons are as follows: 
Watenj 590 HPLC Pump 
15 Waters 410 Differential Refractometer 

Waters 717 Auto sampler 
Waters MOlcnnium V2.I0 software 
Jordi 1000 Angstrom GPC Column 
Dcll 486 Computer 

20 The analysis is run using tetrahydrofuran (THF) at a carrier rate of 

0.8 mis min. Samples arc prepared at a concentration of I to 5% in THF and 25 
ml. of the diluted sample in THF is injected into the column. Column and 
refractometer temperatures arc maintained at 35**C. Analysis time is typically 20 
min. 

25 The NPG/adipate used was found by inspection to be a homologous 

series of compounds* with increments of NPG-Adipatc molecular units, as 
indicated in Fig. 1. Although it is seemingly obvious that the compounds are 
sequential members of the NPG Adipate-NPG (Adipatc - NPG)... scries; the 
sample identification was verified to 1500 MW using GC-Mass Spectrometry. 

30 This exact molecular weight information can then be used to calibrate the GPC for 
this adipate. 
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A similar technique can be used lo calibrate the GPC tor polyesters 
containing a limited number of monomers. For 2 monomers (1 diacid^nd 1 diol) 
where the diol is in excess, and where the reaction is driven close to 100%. 
polyesters consisting of individual fractions with exactly known molecular weights 
are fonned. M, = 2Mw Diol + IMw Diacid - 36.0. Each heavier fraction has one 
more diacid and one more diol and add an increment of molecular weight as 
follows: 

IMw diol + IMw diacid - 36.0 = AM 
Mi+1 =Mi + AM 

For NPG Adipate. M, = 31 8.4 and AM = 214.3 which gives M, = 
532.7. M, = 747. M* = 961.3. etc. A similar set effraction molecular weights can - 
be calculated for other polyesterdiols. For example, propylene glycol adipate 
(PGAd) would have: M, = 262.3 AM = 186.2 which would give M, = 448.5. M, = 
634.7. M4 = 820.9 etc. 

These simple calculations can be extended to more complex 
sy.stems. For example, if one reacts a mixture of adipic and glutaric acids in a 1 to 
1 molar ratio, one can use . ^-^-^^-Glus ,3 the molecular weight of the 

diacid to calculate both M, and AM. In this case M^ Acid = 139.13 and for 
ethylene glycol adipate-glutarate we have: M, = 227.2 and AM = 165.2 and M, = 
392.4, M, = 557.6, M« = 722.8. ete. The same approach can be used for mixtures 
Of glycols. When the molecular weight of fractions for different polyesterdiols 
were assigned to actual peaks on the GPC. an absolute calibration can be made as 
straight line retention time for a peak versus In M, for the polyester diol. Taking 
the first 3-4 most distinct peaks, a regression coefficient of 0.998 - 0.999 was 
demonstrated for all polyesterdiols evaluated. In analyzing the GPC 
chromatogram. one should understand that real fractions are individual compounds 
and actual chromatograms providing zones instead of just a line corresponding to 
the individual compound are artifacts inherent to the GPC method. This 
phenomenon is called "zone broadening". Fig. 1 presents data for NPG Adipate of 
Example 1 demonstrating the phenomena and the basis of the technique. 
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For any fraction, one can define the area between molecular weights 
Mi AM as the area of the fraction with the molecular weight Mi. This 
assignment of areas produce set of data: 

Ml - Area 1 between Mi - V2AM and M| + '/2AM. 
5 M2 - Area 2 between Mi + V2AM and M2 + '/2AM. 

M3 - Area 3 between M; + '/2AM and M? + "/aAM. 

Mi - Area i between Mm + V2AM and Mi + >MM...etc, 

Calculation should stop at Area < 0.1% of ^ Area i: Then the 

molecular weights are calculated by the formulas: 

I) *> 

^ Area t ^ Area i 

M 

Polydispersion coefficient is — - 

Affi 

The polydispersion coefficient is by definition equal to 1 for 
individual compounds. The smaller the polydispersion coefficient, the more narrow 
is the molecular weight distribution. 

1 5 The polyestcrdiols of the present invention may be used as a curable 

resinous component in therm osettabie paint adhesive and coating compositions in 
combination with amino or polyisocyanate crosslinking agenu. They may also be 
used in such systems in combination with a phenol functional hardening agent 
which is also reactive with the crosslinking agents, e.g., bis-phcriolic compounds 

20 such as bisphenol-A, aromatic polyhydric phenols of the type disclosed in US-A- 
5166289 and polyester oligomers containing a reactive hydroxy! group and a 
terminal phenolic group of the type disclo.sed in copending USSN 08/480,076, filed 
June?, 1995 and USSN 08/424,205 filed April 19, 1995. Such hardening agents 
may be present in the composition at a level of about 1 to 50 wt^, more preferably 

25 from about 2 to 30 wt%, based on the weight of curable polymer, polyesicrdiol and 
crosslinking agent present in the composition. 
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The polyestcrdiols of this invention arc also suitable for use as a 
reactive diluent in cu^ble co^ppsitions containing one or n,o.4i-ar.polyhydroxv 
funcuonal polymer components such as ac^lic polytne.. polyester, alkyd resins' 
epoxy tesins. polyether polyn^ers. polycarbonate polyme,.. mixtures thereof and 
l«ke matenals. A particularly advantageous use is as a reacdve diluent in 
combination with phenol tenninated. non-liquid crystalline di«ter polymer, of the 
type disclosed in US-A-5210155 and US-A-523901 8. 

Preferred di-or polyhydroxy functional polymer components include 
one or a mixture of a poly(oligo)meric polymer components selected from the 

.roupconsistinsofdi-(po.y)es.ers.alkyd resins, acrylic resins, polyetherpol^^^^ 
polycarbonate resins, and po.y(oUgo)me,s which contain a combination of two or ' - 
-ore of ester, ether, carbonate, acrylic and alkyd moieties in their structure, said 
polymeric component further characterized as having a number average molecular 
weight within the runge of about 250 to about 20.000. n,e polyesterdiol is 
_ normally presem in such compositions at of weight level of from about 1-50 w.9t 
-ore preferably from about 5 to 45 wt%. based on the combined weight of di-or " 
polyhydroxy functional polymer and crosslinking agem present in the compo^uon. 

Use of the polyester diols in combination with other curable resin 
systems facilitates the development of low viscosity, high solids contem coating 
formulationshavingave^lowVOCcontem. Because of the very low viscosity 
and nanow molecular weight distribution of the polyesterdiols. they effectively 
ser^e as a reactive dUuent in such formulations thereby either eliminating the need 
to use auxiliary solvents to achieve woHcable coating formulation viscosities or at 
least reducing the amoum of such auxiliary solvents which need to be added to 
such coating fomiulations in order to achieve woticable viscosities. 

Suitable amino crosslinking agents which may be used in 

compositions containing the polyesterdiols of the pn^ent invention are those 
materials which will chemically react with the hydrx,xyl terminal groups of the 
polyester. Examples of suitable materials include, butylated or methylated ur^a- 
formaJdehyde resias. butylated or methylated melamine-formaldehyde resins 
hexaalkoxymethyl melamines containing C, ,o C. alkoxy groups such as 



16 



Printed from Mimosa 



wo 97/13741 



PCT/US96/16199 



hcxamethoxymethyl mdamine or hexabutoxymeihyl melamine. or mixtures of 
various alkoxy groups, hydroxymcihylalkoxymcthyl melamimes. 
tctramcthoxymeihyl glycoluryl. polymeric melamincs, etc. The hydroxymethyl 
melamine and hydroxymethyl ureas may also be etherificd with alcohols other than 
5 methyl or butyl such as ethyl, propyl isobutyl and isopropyl. Suitable amino 
crosslinking agents are described in the aforementioned US-A-5 166289. The 
content of amino crosslinking agent should be such that the ratio of the active 
crosslinking groups, e.g., methylol (alkoxylmethyl) groups of the crosslinking agent 
10 hydroxy! groups present in the polyesterdiol and other reactive components is 

10 desirably from about 1:1 toabout?:!, more preferably from about 1.5:1 to 4.5:1 
and most preferably from about 2:1 to 3:1. 

When used in combination with a hardening component such as 
described in US-A-41O4240. US-A-4540771. and especially as described in 
US-A-5 166289, USSN 08/480,076 and USSN 08/424,205, the hardening agents 

15 should be used in mixture with appropriate level of aminocrosslinking agent 
Particular types and quantities of aminocrosslinking agents can be found in the 
above U.S. Patents and patent applications. 

Suitable polyisocyanates which may be used as crosslinking agents 
include monomeric polyisocyanates such as toluelene diisocyanate, MDI, and 4,4'- 

20 mcthylenc-bis-(cycIohexyl isocyanatc). isophoronc diisocyanate and NCO- 

prcpolymers such as the reaction products of monomeric polyisocyanate such as 
those mentioned above with polyester or polyether polyols, including the 
polycsterdiols disclosed in this invention. Other useful isocyanates are the 
isocyanurates from isophoronc isocyanate commercially available from Huls 

25 Company as Tl 890 1 ,6-Hcxamethylene diisocyanate and the biuret from 1 ,6- 
hexamethylene diisocyanate commercially available from Mobay Chemical 
Company as DESMODUR N. The polyisocyanate can be blocked with suitable 
blocking agents which would unblock at elevated temperatures such as a low 
aliphatic alcohols, e.g., methanol, oximcs such as methylethyl ketone oxime and 

30 lactams such as caprolactam. The fact that the poiyesierdiols of the invention arc of 
very high purity minimizes chemical interference with polyisocyanate curing agents. 
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Generally, the weight level of crosslinking agent present in the 
cuiable composition wil, range from about 3 to 60 wt%. more preferably from 
about 10 to 50 wt%. based on the combined weigh, of the binder. i.e.. the weight 
crosshnkable constituents and crossUnking agent 

Coating fonnulations of the invention also preferably contain an 
acrd catalyst to catalyze the crossUnking reaction. Such catalysts include for 
example, p-toluene sulfonic acid, methane sulfonic acid, nonylbenrene sulfonic 
acrd, dinonyl naphthalene monosulfonic acid, dinonylnapthalene d^ulfonic acid 
dodecylbenzene sulfonic acid, phosphoric acid, phosphorous acid, phenyl acid ' 
Phosphate, butyl phosphate, but,-, maleate. and the like or a compatible mixture of 

them. Th«eacidcatalys.smaybeusedintheir„eat.„nblockedformorcombined - 
wrth suitable blocking agents such as amines. Typical examples of unblocked 
catalysts are the King Industries. Inc. products with the tradename K-CURE® 
Examples of blocked catalysts are the King Industries. Inc. products with the 
^adename NACURE®. ^ content of catalyst may generally range f..m about 
0.02 up to about.2 wt%. preferably from about 0. 1 to about 0.4 wt%. based on the 
weight of binderpresent in the composidon. Binder refers to the combined weight 
of polyester diol and other curable components plus the weight of cmsslinking 



agent. 



Because of the very low viscosity of the polyesterdiols of the 
present invenUon. they can be used in curable coating formulations, alone or in 
combrnation with hardening agents, without the need to use a large amount of if 
any. additional solvents to achieve workable viscosities, and provide an excellent 
bmder for high solids and ultra high solids compositions providing an excellent 
balance of cured coating properties and low VOC. Suitable optional solvents 
whrch may be included in the curable compositions of the invention comprise 
toluene, xylene, ethylbenzene. tetr^Jin. naphthalene, and solvents which are narrow 
cut aromatic solvents comprising C. to C. aromatics such as these marketed by 
Exxon Chemical Company under the name Aromatic 100. Aromatic 150. and 
Aromatic 200. 
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Other suitable solvents include acetone, methyl ethyl ketone, methyl 
isobutyl ketone, methyl amyl ketone, methyl isoamyl ketone, methyl heptyl ketone, 
isophorone, isopropanol, n-butanoK sec.-butanoL isobuianoL amyl alcohol, isoamyl 
alcohoU hcxanols, and heptanols. 
5 Suitable oxygenated solvents include propylene glycol monomcthyl 

ether acetate, propylene glycol propyl ether acetate, ethyl eihoxypropionate, 
dipropylenc glycol monomcthyl ether acetate, propylene glycol monomethyl ether, 
and like materials. Other such solvents include alkyl esters such as ethyl acetate, n- 
propyl acetate, butyl acetate, amyl acetate, mixtures of hexyl acetates such as sold 

10 by Exxon Chemical Company under the name EXXATE® 600 and mixtures of 
heptyl acetates sold under the name EXXATE® 700. The list should not be 
considered as limiting, but rather as examples of solvents which are useful in the 
present invention. The type and concentration of solvents are generally selected to 
obtain fonmulation viscosities and evaporation rates suitable for the application and 

15 baking of the coatings. Typical solvent concentrations in the formulations range 
from 0 to about 75% by weight. Where solvents are used, they are present at a 
preferred range between about 5 and 50% by weight and a most preferred range 
between about 10 and 40% by weight For the preparation of high solids coatings, 
the amount of solvent used in the coating formulation is preferably less than 40% 

20 of the weight of the formulation, more preferably less than 20% by weight 

Pigments are a further component which may be present in the 
curable compositions of this invention. They are generally included at a weight 
ratio in the range of from about 0.1 to about 5.0 to one pigment-to-binder ratio, 
the term binder referring to the total weight of curable components plus 

25 crosslinking agent 

Suitable pigments which may be included in the compositions of this 
invention are organic and inorganic pigments normally used in paint and coating 
formulations and include titanium dioxide, zirconium oxide, zircon, zinc oxide, iron 
oxides, antimony oxide, carbon black, as well as chrome yellows, greens, oranges, 

30 mixed metal oxides, ceramic pigments and the like. Preferred pigments include 
rutile TiOz and particularly weather resistant coated types of TiO:. The pigments 
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may also be blended with a suitable extender „,aterial which does not contribute 
signtficantly to hiding power. Suitable extende,. include silica, bao^tes. calcium 
sulfate, n^agnesiun, silicate (ulc). aluminum oxide, aluminum hydroxide, aluminum 
s:l.cate. calcium silicate, calcium cari,ona.e. potassium aluminum silicate and other 
clays or day-like materials. 

Organic Pigments such as PhthaJocyanines. Anthraquinoncs 
Qumacridones, Pyranthrones. etc.. and their combinations with ino^anic pigments 
are also suitable for compositions of this invention. 

The composition of this invention may also contain other additives 
wh,ch are conventionally used in paint and coating compositions such as flow 
control (ami sag) agents. e.g.. siUcones. fluorocarbons or ceIlulo.sics: flatting ^ 
agents: weuing agents: UV stabilizers: and-foaming agents: fungicides and the like. 

Satisfactory baking schedules for fonnulations of the present 
invention vary widely including, but not limited to. low temperature bakes of abou, 
20 to 30 mmutes at temperatures between 90 and lOS'C for large equipment 
applications and high temperature bakes of about 5 to 60 seconds in 300 to 375-C 
air for coil coating applications. In general, the substrate and coating should be 
baked at a sufficiently high temperature for a sufficiently long time so that 
essenUally all solvents are evaporated fmm the film and chemical reactions between 
the polymer and the crosslinking agent proceed to the desired degree of 
completion. n,e desired degree of completion also varies widely and depends on 
the particular combination of cu«d film properties requi«d for a given application. 

The following examples are illustrative of a first embodiment of the 

invention. 
Exampip 1 

Ttis example shows the preparation of a polyesterdiol of adipic acid 
and neopentyl glycol under catalyst-free conditions. 

Into a 5 liter round bottom, 4 neck reaction flask equipped with a 
heaung mantel, stirrer, thennometer. condenser and Dean Staric Trap was charged 
2080 grams of neopentyl glycol (NPG) and 1460 grams of adipic acid (about a 2- 1 
molar ratio of diol to diacid). TT^e teactor was purged with nitrogen and the 
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contenu were heated. At 130'*C all components were melted and upon further 
heating water began to distill. Alter 3.5 hours at 170'C 365 grams of water phase, 
with a small amount of NPG, was distilled. The temperature was increased to 
19fl°C, then to 210°C and eventually to 230'*C. An additional 63 grams of water 
5 phase was distilled. The polyesterdiol at this stage had an acid number (AN) of 

6.3(mg KOH/grdm product). 

The polyesterdiol was then subjected to distillation conditions to 
remove excess unreacted NPG. The product was heated at 230°C and the water 
phase formed during the synthesis was added to accelerate the NPG distillation. 

10 Distillation was continued for 8.5 hours at 230*'C during which time an additional 

99 grams of water was charged into the reactor. After 8.5 hours, the condensate 
from the reactor was measured as about 979 grams, which included 459 grams of 
water and 520 grams NPG. The amount of NPG corresponds exacdy to 
theoretical amount of unreacted NPG generated in the reaction without 

15 u^sesterification reactions taking place. The NPG adipatc fomned had an AN of 

5.3, less than the original AN prior to distillation, which demonstrates the 
outstanding resistance to hydrolysi.s. The product had NVM content of 96% and 
viscosity of 2380 cps. The polyester was used in the first self calibration shown in 
Fig. 1. 

20 These results may be compared with Example 8 of US-A-4922002 

wherein a similar NPG polyesterdiol was prepared in the presence of an 
esterification catalyst The relatively high viscosity (3700 cps) is indicative that the 
product undergoes severe transestcrification during distillation resulting in 
increased molecular weight and a broadening of molecular weight distribution. 

25 Example 2 

This example demonstrates the preparation of NPG adipate under 
catalyst-free conditions at a molar ratio of diol to diacid of about 3:1. 

Into a 5 liter, 4 neck round bottom flask equipped with a heating 
mande, a thermocouple fitted with a temperature controUer, a mechanical stirrer. 
30 nitrogen port, a liquids addition funnel and a 10 inch packed column on the top of 

which is a Dean Stark Trap attached to a chilled water condenser, were charged 
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1872.8 grams ncop=ntyl glycol (NPG) and 876.8 grams adipic acid (AA). The 
reactor was heated and stirring under the nitrogen sweep was ini«a.ed when the 
reactor contents were melted, at about 120" C. Gmdual addition of toluene (non- 
rtactmg solvent) through the liquids addition funnel staned at 144" C and it was 
regulated such that vapor reHux was maintained throughout the synthesis. The 
solvent and water started distilling out overhead where they were condensed, 
collected and phase separated in the Dean Stark Trap. The solvent was 
continuously refluxed back to the reactor through the packed column while the 
water was drained and measured in order to monitor the reaction progress. 
Heating continued to a final temperature of 235' C. TT^e reaction was stopped 
after 208 grams water (216 grams theoretical) were removed. The product had: 
NVM (non-volatile matter) =68.9% 
AN (acid number) = 3.97 

The following example illustrates the preparation of a polycsterdiol 
using mixed dimethyl esters as a rcactant and the use of an esterification catalyst 
Examnlo % 

Transesterification of Mixed Dibasic Esters (Dimethyl Adipate. Glutarate and 
Succinate) with NPG. 

The same apparatus as in Example 2 was used except for a two liter 
flask and magnetic instead of mechanical stirring and a vacuum line was comiectcd 
at die condenser vapor outiet. The charge was 624 grams NPG and 31 8 grams 
dibasic esters (commercial blend of 0.5:1.6:0.6 mole ratio of dimethyl 
adipate:dimethyl glutarate: dimethyl succinate produced by DuPont). The reaction 
was heated to 98° C to melt the contents. At this temperature 2.36 gr^s of 
titanium (IV) butoxide catalyst was added to the reactor and nitrogen sparge 
started. At 168" C vacuum was pulled gradually to reduce the reactor pressure 
from 760 mmHg (atmospheric) to a final 660 mmHg. The reactor contents were 
heated to a final temperature of 1 80' C. The reaction was stopped when 1 14.9 
grams methanol by-product (128 grams theoretical) was collected overhead. 

The following examples 4 and 5 illustrate methods for stripping 
excess diol from polycsterdiols. 
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Example 4 

Steam Stripping of Excess NPG ai 160* C. 

Part of the polyester did of Example 2 was placed in a 3 liter round 
bottom flask equipped with a heating mantle, a thermocouple fitted with a 
temperature controller, a magnetic stirrer, a nitrogen line, a steam sparger and a 
chilled water condenser connected to a single neck spherical flask with vacuum line 
outlet. The reactor contents were heated under niu-ogen sweep until a temperature 
of about 92° C was reached. At this point, vacuum was pulled to reduce the 
reactor pressure from 760 mmHg (atmospheric) to 100 mmHg. Heating was 
continued until 1 60** C was reached. Steam was introduced into the reactor by 
vigorous sparging near the bottom of the flask. The steam and the dis.<;olved NPG 
overhead were cooled in the condenser and collected in the spherical flask. The 
procedure was stopped when the NPG content in the reactor was less than 1 wt% 
byGC. 

The fmal product had; 

AN =3.23 
NVM = 100% 

Viscosity = 1750 cps at 25''C. 

Example 5 

Steam Stripping of Excess NPG at 200"* C. 

Another part of the polyester diol of Example 2 was processed as in 
Example 4 except the stripping temperature was 200** C under 440 mmHg vacuum. 
The fmal product had: 

AN =2.76 
NVM = 100% 

Viscosity = 1 850 centipoises at 25° C. 
Examples 4 and 5 demonstrate the high stability of the 
polyestcrdiols to steam distillation even at temperatures of 160**C and 200"C. NPG 
was able^to be distilled almost quantitatively (NVM = 100%) and yet the viscosity 
of the resulting polyestcrdiols was approximately 50% of the viscosity achieved in 
Example 8 of US-A-4922022. 
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The followini: examples illustrate catalyst rcmovaJ prior to stripping 
unreacted diol (Example 6) and the etfcct on viscosity when catalyst is not 
removed prior to stripping (Example 7). 
Example 

Part of the polyester diol produced in Example 3 was placed in a 1 
liter round bottom flask and 4.2 wt% water was added. The contents wer^ heated 
to 90T for I hour at atmospheric pressure and stirring. After 1 hour at 90"C the 
pressure was reduced to 101) mmHe vacuum. After 1 hour at these conditions, the 
product was filtered hoi through a Buchner f unnel with filter paper and filter aid 
(.5" layer of Dicalite) fitted on a vacuum flask which was connected to a vacuum . 
line. Vacuum was pulled and the filter aid was packed (pressed down). The hot 
polyester diol material was poured slowly into the filter cake. The filtrate was 
transferred to a round bottom flask for steam stripping the excess NPG as 
described in Example 4 at 1 60" C under 300 mmHg vacuum. 
The final product had: 

NVM =96.49^ 

Viscosity = 1 605 centipoises at 25^^ C. 

Titanium Metal content = < 1 0 ppm (undetectable) 

Example 7 

Effect of Catalyst Presence on Viscosity. 

For comparison with Example 6. another pan of the polyester diol 
from Example 3 was steam stripped to remove the excess NPG by the procedure 
described in Example 4. but without hydrolyzing and removing the catalyst prior to 
stripping . 

The final product had: 
NVM = 98.4%. 

Viscosity = 3763 centipoises at 25" C. 
Titanium metal content = 580 ppm. 
Example 6 illustrates that removal or reduction of catalyst level to 
less than catalytic quantities prior to distillation provides a polyester diol of very 
low viscosity (about 1600 cps) whereas failure to remove the catalyst as in 
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Example 7 results in a polyester diol of higher viscosiiy (about 3760 cps), similar 
to Example 8 of US-A-4922002. 
Examples 8-9 

Two additional polyesterdiois were prepared by the general 
5 procedure of Example 2 and without using an csterification catalyst but at 

different molar ratios of diol to adipic acid as shown in Table I . The polyester 
diols were steam stripped by the process described in Example 4. Comparative 
data with respect to the properties of the products of Examples 4. 8 and 9 are 
shown in Table 1 . 

10 lafekJ 





NPG/Acid Raiio 




NVM 




Example 9 


2:1 


2050 


100 




Example 4 


3:1 


1750 


100 


3.2 


Example 8 


4:1 


1400 


100 


1-7 



These NPG adipates exhibit the highest NVM content and lowest 
viscosities of any known NPG adipates either commercially available or referred to 
- in the literature. 

The following Examples 10-12 illustrate various methods for 
15 stripping unrcactcd diol and properties of the resultant polyester diol produced 
from propylene glycol and adipic acid. 
Example 10 

A polyester diol from propylene glycol I. 2 and adipic acid was 
prepared without the use of an esterification catalyst by the general process of 
20 Example 2 using 1520 grams of diol and 1460 grams of adipic acid rcaciants 

(about a 2:1 respective molar ratio). The pre-sunppcd polyester diol had an AN of 
1.8 and un NVM content of 87.5%. 
Example 1 1 

The polycsterdiol produced in Example H) wa.s vacuum stripped of 
25 unreactcd propylene glycol using the general procedure of Example 4. except that 
a 2 liter reactor flask was used with magnetic stirring and without steam. The 
polyester diol of Example 10 was heated to 150"C and full vacuum was pulled 
while maintaining the reactor temperature at 150"C. The procedure wa.s 
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.cm,i„ated when 333 ,ran,.s of propylene glycol wa. stripped off. The tln.I 

product had: 

Viscosity =^fi95 cps 
NVM =99.3% 
AN = 1.52 

Exampip 1^ 

Wiped Film Evaporation: 

A Pope wiped-film «ill. 2" model with .35 sq. ft. evaporator surface 
was used to retrieve excess 1 .2-propat.e diol from a polyester diol prepared as 
dcscnbed in Example .(,. The .^ped-HI. still was equipped with a feed flask an 
.ntennal condenser, ^ceiving flasks at the bottom of the evaporator body (residue 
and distillate n..ks) and an exten.1 conden.ser connected to a vacuum line T,. ~ 
tccd flask was charged with 460 grants of the polyester diol. -n,e evaporator bodv 
-asheateduptoI50"Cwithcoolingintheinten,alconden.ser. Atl50"Cthe 
wtpcr blade drive was turned on and the flow of the polyester diol was started at 
. ''«^™teof2.5grams/minu„der3mmHgvacuum. 56.1 grams of 1.2.pn,pane diol 
was collected in the distillate flask and 398.3 gnuns of the polyester diol was 
collected in the residue flask. 

The resulting product had an NVM content of 100% and a 
Brookfjeld viscosity of 658 cps. 

GPC analysis for the product of Examples 1 1 and 12 were 
determined using the above described absolute calibration method. Results were as 
follows: 

^ IMw) (Mw/Mn^ 

Example 11 459.1 609.4 1.337 

Example 12 461.2 612.2 1.328 

ExamnlPt 

The following examples 13 and 14 demonstrate the stability of the 
polyester diols of this invention against transesterification during stripping of 
excess diol as reflected by GPC data. The polyesterdiol used in these examples 
was stmtlar to that u.sed in Example 10 except that 1826 grams of propylene glycol 
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and 1 169 cmms of adipic acid were reacted, a 3:1 diol/diacid ratii). The reaction 
of Example 13 was stopped ai an acid number of 12.3: the reaction of Example 14 
was continued until an acid number of 2.2 was obtained. ^ 
The polyester diols prepared above were then each stripped 
5 according to the suipping processes of Example 1 1 . GPC and other data is shown 
in Table 2. 



Table 2 





Ms 


Mw 


(Mw/Mn) 


NVM 


Vise (cTis) 


Example 13 Pre Strip 


356.5 


427.7 


1.20 






Post Strip (Example 11) 


351.1 


41K 


1.19 


100 


465 


Post Strip (Example 12) 


350.6 


417 


1.19 


98.9 


402 


Example 14 Pre Suip 


357 


42K.4 


1.20 






Pa^i Suip (Example 11) 


349.6 1 416 


1.19 


100 


467 


Post Strip (Example 12) 


344.4 j 407 


1.18 


99.2 


457 



The data in Table 2 and Figs. 2 and 3 demonstrate that the polyester 



diols prepared according lo this invention have essentially identical molecular 
10 weights and molecular weight distribution before and after stripping unreacted diol 
and therefore demonstrate outstanding stability to trans esterificaii on at acid 
numbers of about 12 and 2, as well as the achievement of a combination of very 
low viscosities and high NVM content 
Examples 15-27 

5 Tables 3 and 4 list a number of different polyester diols prepared in 

accordance with the general process of Example 10 and stripped in accordance 
with the general process of Example 1 1, and provides composition and GPC data 
for the resulting products. Diol ratios of 2:1 are used in Table 3 and diol ratio of 
3:1 are used in Table 4. 
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Tabic ^ 





M 


ol. Rauo 


QK 




1.3 B ~ 


Diacid* 
GL 


Diol/Diai- 
2 


1 NVM 
100 


Vise (cns:) 


Mil 


Mw 


Disp. 






492 


433 


545 


1.27 


16 


IJB 


AD. 


2 


lUO 


4M 


483 


629 


K30 


17 


1,3 B 


SU. 


2 


yy.3 


1115 


411.5 


520 


1.26 




2-MP 


AD. 


2 


100 


700 








19 


PG12 


SEB. 


2 


JOG 


560 


580 


798 


1.38 


20 


K2B 
UB 


AD. 


-) 


100 


593 
1685 


476 
415 


618 
526 


1.30 
1.27 



Table 4 





Diol* 


M 

Dii«:icir 


Dl. Ratio 
Diol/Diar 


NVM 




CP 


c 




22 


PG1.2 


SEB. 


3 


100 


icps) 
437 


Mm 
490 


Mw 
626 


Disp. 
1.27 


23 


PG1,2 


SU. 


3 


99 


1500 


312 


368 


1.18 


24 


1.3 B 


AD. 


3 


99^9 


333 


385 


455 


1.18 


25 


UB 


AD. 


3 


100 


429 


403 


484 


1.20 


26 


PG1.3 


SU. 


3 


100 


448 


325 


390 


1.20 


27 

K2B -1; 


UB 
I butane 


SU. 
HinI 


3 


99.7 


666 


347 


405 


1.17 



UB - 1.3 butancdiol 

2-MP - 2 methyl propane, 1,3 

- 1,2 propanediol 
PG-1,3 - 1.3 propanediol 
GL - glutaric acid 
AD - adipic acid 
SU - succinic acid 
SEE - scbacic acid 

As can be seen from Table 3 (Examples 15-21). all the reactani 
combinations show ,he preparation of high NVM. „a„„w n,olecular weigh, 
distribution (Mw/Mn < 1 .4) poIyesterdioLs. even a. a ratio of diol to diacid of 2. 
However, at this ratio, poiydispetsity (Mw/Mn of 1.26 to 1.38) i.s larger than at a 
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higher raiio ofdiol to diacid (M\v7Mn of L 17 to !.27). Nevertheless, even at ihis 
ratio and depending on monomer selection, low lo very low viscosity can be 
achieved. Among the dioLs, used in Examples 15-21. butanediol 1.3 provided the 
lowest viscosity. 2-mcthyl 1.3 propanediol provided viscosity about the same as 
5 1 .2-propanediol and significantly lower than NPG at the same monomer ratio. 

It is peculiar that in Examples 17 and 21. succinic acid provided the 
lowest molecular weight polyestcrdiols. low polydispersity. and yields 
polyestcrdiols of relatively higher viscosity than other diacids at similar did to 
diacid ratios. 

1 0 Apparently higher concentrations of polar ester groups can 

conuibute to the viscosity. On the other hand, it appears that scbacic acid provides 
the lowest viscosity at the same diol to diacid ratio, despite the highest molecular 
weight pertinent to sebacic acid polyestcrdiols. 

The data of Table 4 (Examples 22-27) demonstrates that generally 

15 at a 3 to 1 diol to diacid ratio, significantly lower viscosity and more narrow 

molecular weight distributions for stripped products can be achieved. An 
especially low viscosity (333 cps) was achieved for butanediol 1,3-adipate 
(Example 24). Butanediol 1,2 (Example 25) generates polyestcrdiols of slightly 
higher viscosity. The advantage of Butanediol 1 ,3 versus PG- 1,2 can be seen with 

20 succinic acid also (Examples 23 and 27). 

Also, it can be seen from a comparison of Examples 23 and 26 that 
linear diols (PG-1,3) provide lower viscosity than branched diols (PG-1.2). The 
interesting feature of Example 26 is that the polyesterdiol is liquid, not crystalline 
as it is known for most of the binary polyestcrdiols based on linear diacid and linear 

25 diols. Example 26 also demonstrates that totally linear polyestcrdiols. if they are 

driven to a low AN (AN for Example 26 = 1.0). provide high stability to 
transestcrificaiion and hydrolysis. 

It is obvious from the data that the present invention is applicable to 
totally linear polyestcrdiols, independent of their cr\'Stallinity at room temperature. 

30 The present invention is focuised mainly on polyestcrdiols which are liquid at 

ambient conditions. Crystalline polyestcrdiols with very low viscosity in melted 
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fonn and of high NVM. low „,olecul.r weight and narrow molecular weight 
d^tribunon arc included in the present invention and can be produced according to 
the present invention. Also, matures of 2 or more different crystalline 
polyesterd^ols can fonn liquid poiyesterdiol with very low viscosity and high NVM 

same can be applied to a mixture cmtalline and liquid polyesterdiols which 
can produce very low viscosity and high NVM content. 

Tht following examples demonstrate that low viscosity low 
molecular weight and high NVM polyesterdiols can be prepared from mixtures of 
ahphat. linear diols or mixtures of aliphauc linear diacids. Polyester diols were 
prepared in accordance with the general process of Example H) and stripped in 
accordance with the general process of Example II. Table 5 sets forth the 
composition of these polyesterdiols and physical propeny data. 



28 



2V 



30 



31 



Mot. Ratio 



Diols* 



J,4B/PG1»2 



1.4B/1,3B 



EG 
U4By2.MP 



DiackLs 



AD 



AD 



AD/GL 
AD 



Diol/DiarM 



1.5:1.5:1 



1.5:U:l 



2:0.5:0.5 
1:1:1 



0.67:1.33:1 



NVM 



99.4 



100 



100 



100 



100 



382 



329 



380 



544 



470 



1>4B/13 B AD 

*EG - ethylene glycol 
1.4-B - butanediol 1.4. 

Examples 28-32 demonstrate additionally the use of linear diols in 
the preparation of low viscosity high NVM polyesterdiols according to the present 
mvent^on. Example 30 demonstrates that another totally linear poiyesterdiol based 
on hnear diacids and ethylene glycol, which is a diol most sensitive to 
transesterificadon reactions, can be prepared according to the invention and 
prov.de extremely low viscosity Gowest viscosity for polyesterdiols prepared at 
d<oI to diacid ratio of 2) and high NVM. T7.is demonstrates that if the reaction is 
dn ven to a low enough acid number (AN.().68 for Example 30). the poiyesterdiol 
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exhibits outstandinc stability to transestcrification even if the stniciure consists of 
only linear diol and diacid moieties. 

The above examples demonstrate the scope of the invention with 
respect to polyesterdiols which are the most difficult to produce without 
5 u-ansesterificaiion taking place. The present invention is also applicable to the 

preparation of polyesterdiols comprisinc ester groups derived from aliphatic diacid 
moieties and also containing moieties derived from cycloaliphatic and/or aromatic 
diacids. Incorporation of moieties derived from cytioaliphatic/aromatic diacids 
increase the viscosity of polyesterdiols. but can offer some advantages in other 

10 properties such as hardness. 

Taking into consideration viscosity requirements, it is preferable to 
use less than SiWc (molar) cycloaliphatic/aromatic diacids based on the sum of 
diacids. more preferably less than 209c and most preferably less than 10% 
cycloaliphatic/aromatic diacids. 

1 5 Low molecular weight narrow molecular weight distribution 

polyesterdiols of the present invention may be used in a wide variety of coaling and 
adhesive compositions. The composition can optionally include other 
poly(oligo)mers, pigments, crosslinking agents, fillers, additives and solvents to 
satisfy requirements of the final product. Use of the polyesterdiols reduce the 

20 amount of solvent necessary to provide the properties required for the fmal 

composition and. therefore, reduce the VOC of the composition. The structure 
and composition of the polyesterdiols of the present invention provide significant 
advantages in different compositions generally unexpected for such compounds. 

Because the polyesterdiols made in accordance with the present 

25 invention have relatively low glass transition temperatures (Tg), it would be 

expected that crosslinkcd coatings containing these materials would exhibit 
relatively low hardness values. This is unexpectedly not the case as shown 
hereafter. 

Coating formulations of the present invention may be prepared by 
30 first forming a mill base. The mill base may be prepared by grinding a mixture of 
pigment, resin and solvent in a high .speed disc dispcrscr such as Byk-Gardncr 
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DISPERMAT® Model CV .0 fom, a pign^enr concentn>.e. -n,is mill ba.se is then 
le. down (mixed) under mixing conditions with the remainino components of th. 
tonnulation which include additional resin, .solvent cro.slinkin| agentrand the 
catalyst. 

The coating compositions of the invention may be applied to 
.ub.strates by any suitable conventional technique such as spraying, roller coatmg. 
d.p coating and the Uke. The composition may be applied in liquid form. and. if 
necessary, be dispersed in an organic solvent. 

nie following examples illu.«ratc the preparation of various paint 
formulations, including formulations containing some of the polyesterdiols of the 
mvention. u.sed as either a reactive diluent or a subsd.ute for some of the resinous 
bmder components of the formulation. All components are presem on a weigh, ' 
basis unless odierwisc indicated. 

The materials used in some of the following examples are identified 

as follows: 

An acrylic polyester-polyol available from S.C. Johnson Co. 
Dispersing additive produced by BYK-Chcmic. 
Hexa{mcthoxymeihyI) melamine crosslinking resin - partially 
condensed (from American Cyanamid). 

Hexadnethoxymeihyl) melamine crosslinking agent (from 
American Cyanamid). 

Blocked p-toluene sulfonic acid catalyst from King 
Industries. 

Blocked p-tolucne sulfonic acid a catalyst from Byk- 
Chemie. 

Silicone flow control agent from Dow Coming (sometimes 
10% in MIAK). 

Mixture of 80 parts by wt butanol-1 . 100 pans by wt butyl 
acetate and 122 pans by wt amyl aceuie. 



Joncryl™ 504 
BYK^P.104S 
CYMEL^" 303 

CYMEL'^'-aOO 
Nacure™ 2500 

BYK^''451 
DC-57 
Solvent Mix 
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polycsierdiol of neopcntyl glycol and adipic acid havinc a 
viscosity of 3.001) cps and an NVM content of 93.3% by 
ASTM D'2369-90 marketed by Witco under the name 
Fomrcz^'* 55-225. 



PED-33-225 



Hardener A 



- polyestcrdiol of propylene glycol and adipic acid having a 
viscosity of 1250 cps. NVM measured as about 96% by 
ASTM D- 2369-90 and a polydispersity of 1.46. marketed 
by Witco under the name Fomrez^^' 33-225. 
an e.sicr reaction product of para-hydroxybenzoica acid and 
10 a glycidyl ester of a mixed aliphatic, mostly tertiary 

monocarboxylic acids (neodccanoic acid) with an average of 
9 to 1 1 carbon atoms, sometimes diluted to 83% with 
Aromatic 100 solvent, prepared as in Example 1 of USSN 
08/424,205 filed April 18, 1995. Molecular weight = 366. 
15 Example 33 (Control) 

A control paint formulation was prepared using a commercial 
acrylic polyesterpolyol as a polymeric binder component. A millbasc was prepared 
by mixing and grinding the following compositions (in grams). 
Mi)lba$fi 

20 Joncryl™ 504 - 400 

Amyl Acetate - 20 

BYK^P-104S - 4 

TiO. (R-960) - 650.0 

268.5 grams of the above millba.se was further mixed (let down) 
25 with the following composition (in grams). 

Joncryl™ 504 

CYMELTM 303 

Nacure^"^ 2500 

DC-57 

30 Solvent Mix 



85 
63.5 



2.5 



5 

75.5 
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The resulting formulauon had a Zahn #3 cup viscosity of 20 
seconds and an NVM content of 73.33^.: dens.ty oH ,.,5 and a VOC content of 

Test panels were prepared and evaluated a.s follows: 
niin films of the various formulatioas were applied to steel ie« 
panels via drawdowns. The basic procedures are outlined in ASTM Test 
Procedure D823-87. Test panels are polished Bonderite- 1000 Omn-phosphate 
rreaonent) panels obtained fro. Advanced Coatings Technology Inc. Panels sizes 
are either 4" X 8" or 3" X 6". 

Wire-wound drawdown rods and.in some cases a Precision 
Laborat<,r3. Drawdown Machine (both from the Paul N. Gardner Company) are 

to apply films via hand-pulled drawdowns (Method E). Target dry film 
thicknesses are 1 mil. 

The film property evaluations conducted on all cured panels were as 

Knoop Hardness - ASTM D- 1 474 
Direct Impact - ASTM D-2794 

- EPA Method 24 
Pencil Hardness - aSTM D-3363 
MEK RUBS - ASTM D-373 

^^"^ - ASTMD-2369-90 

^^""^ - ASTM 0-53 

The formulation was applied by drawdown to a BonderiteT*< steel 
panel and baked 20 minutes at 300» F. TTie cured baked coating had the following 
propenics: ^ 

Gloss (20*') . 80 

Gloss (60") . 96 

Pencil Hardness - 4^ 

Knoop Hardness - j^.o 

Direct Impact - 30 



follows: 
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Examples 34-37 

Formulations (in grams) as shown in Table 6 were prepared usin*; 
the same millba.se as in Example 33 but the Joncr\'l 5()4 acrylic polymer used in the 
let down of Example 34 was substituted with various polyesterdiols of the 
invention and two commercially available polyesterdiols as indicated in Table 6. 



Table 6 



Example 


M 


25 


26 


22 


Millbasc Ex.33 


107.4 


107.4 


107.4 


107.4 


HMMM 


31.2 


31.2 


29.3 


29.3 


Nacurc™ 2500 


l.O 


1.0 


1.0 


1.0 


Polycsicrdiol (Ex.8) 


21.4 








Polycsterdiol (Ex.14) 




21.4 






PED.55-225 






25.0 




PED.33-225 








24.3 


Solvent Mix 


10 


10 


15 


15 



The polyestcrdiol/HMMM weight ratio for Examples 34 and 35 was 



55:45 and for Examples 36 and 37 was 60:40. The difference reflects difference in 
molecular weight and concentration of functional groups of the polyesterdiols of 
the present invention and commercial PED-55-225 and PED-33-225 produce. 
The formulations were further adjusted with the solvent mix to the same viscosity 
as in Control Example 33. i.e., 20 minutes Zahn Cup #3. 

The NVM and VOC contents for each equal viscosity formulation 
were as follows: 





Example 34 


Ex^irnpie 35 


Example 36 


Example 37 


NVM 


80.41 


79.64 


78.37 


78.92 


VOC 


2.31 


2.41 


2.48 


2.45 



This data shows that compositions of the present invention 



(Examples 34 and 35) having workable viscosities have higher NWM content and 
lower VOC content at equal viscosities with the compositions containing 
commercially available polyesterdiols (Examples 36 and 37). 
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These tomiuhrions were then applied to BonderiteTM ^teel paneK 
and baked 20 minutes at 300^' F .s . Example 33. Propenies of the cured baked 
panels arc shown in Table 7. 





Table 7 




GI055 


Knoop 


Pencil 


MEK 


Direct 








Hardness 


HanJncss 


RUBS 


Impact 






60: 










Example 34 


71 


9} 


13.y 


4H 


>300 


60 


Example 35 


73.5 


93 


13.7 


4H 


>300 


60 


Example 36 


54 


86 


6.8 


F 


>30() 


90 


Example 37 

Ac c« 


6] 


77 



■ 5.0 


F 


>300 


90 



or me binder 

w.th reactive diluen. based on polyesterd,o.s of ^e p.sen. invention provided 
outstanding properties to the coatings - very high hardness approachine the 
toonulation of control Example 33 and better flexibilny (resistance to Impact) 
Commercial produce caused signif.cant teducdon in hardness as compared to the 
- control. Should be unde.tandable. that at lower level of ^active diluent based 
on commercial polyesterdiol. simUar hardness can be achieved. By blending the 
Formulation of Example 33 with formulations of Examples 36 and 37 (prepared at 
.he same viscosity) at different ratios, it can be demonstrated that it would require 

subsutution with reactive diluent based on Fomrez™ 55-225 and 15% 
.substitution with reactive diluent based on Fomrez- 33-225. Therefore VOC 
-duction provided by the ,.act.ve diluents based on polyesterdiols of the p,.sem 
.nvenuon was about 0.5 to 0.6 Ib/Gal.. while the same propenies with similar 
commercial polyesterdiols provides about 0. 15 to 0.2 lb/Gal.. ..duc.ion in VOC. 

The polyesterdiols of the present invention may also be used in 
coatmg fonnulations in combination with other hardening components having a 
higher glass transition temperature (Tg). such as the aromatic polyesterdiols 
disclosed in US-A-4104240 and 4540771. and pan.cularly .n combination with 
phenol-functional hardening components .such as bisphenol A or tho.se described in 
US-A-5166289. 5210155 and 5239018 and USSN (,8/480.076 and 08/424 205 
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One preferred class of hardening compounds include the bis 
aromatic polyhydric phenols as disclosed in US-A-5 166289 having the structure: 

5 

wherein X is selected from the group consisting of carbon to carbon covalent bond, 
oxygen, sulfur. -S-S-. -CO-, -SO-. -SOr and a divalent organic radical having a 
molecular weight less than about 400. and wherein Y is independently selected 
from the group consisting of hydrogen, halogen. Ct to C4 aJkyl and Ci to Cj 
10 alkoxy. 

Examples of preferred compounds are those of the formula wherein 
Y is hydrogen and include phenolphihalein. 2.2-bis(4-hydroxyphcnyl) propane 
[bisphcnol A]. l.l-bis(4-hydroxyphenyl) cyclohcxane [bisphenol Z). l,l-bis(4- 
hydroxyphenyl) ethane, bis {4-hydroxyphenyI) methane, I.2-bis(4-hydroxyphenyl) 

15 ' ethane, bis (4-hydroxy phenyl) cyclohexylmcihane. 3,3-bis (4-hydroxyphcny1) 

pcntanc. bis(4-hydroxypheny!) ether, bis (4-hydroxyphcnyI) sulfide, and 2,2-bis (4- 
hydroxyphenyl) hexafluoropropane. 

Other such bis-aromatic polyhydric phenols include polyhydric 
phenol diestcrs which arc the polycondensation product of a to C:n aliphatic or 

20 cycloaliphaiic diol such as neopentyl glycol with a 2: 1 molar excess of para- 
hydroxybcnzoic acid. 

The hardening component disclosed in USSN 08/424,205 includes 
the ester reaction product of a para-hydroxy benzoic acid and an epoxy functional 
compound having the structure: 

25 "^^/T^^ " 

J VR5-coch-ch-Ri 

HO^^ / OH 

wherein Rj and R« are preferably each hydrogen. Rj is preferably a direct bond and 
R? is selected from the group consisting of CH^OH. a hydrocarbon moiety 
30 containing 3 to about 20 carbon atoms and an organic moiety containing ester or 
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eiher groups and containing frorr. 3 to about 20 carbon atoms. An example of such 
a hardener component is the ester reaction product of para-hydroxybenzoic acid 
and a glycidy! ester of Glydexx© N-IO (mixed aliphatic, mostly tertiary 
monocarboxylic acids with an average of 9 to 1 1 carbon atoms), a product 
available from Exxon Chemical Company. 

The chemical structure of this product, identified above a.s Hardener 
A, is as follows: 



wherein R,, and R,o are the same or different C, to C, mixed alkyl groups 
totaling 3 to 12 carbon atoms, preferably about 8 carbon atoms. 
Examnlej! 

Millbascs having the following composiuon were prepared as 
disclcsed above: 



Mill Base j A 




c 


P 


i 


Polyesierdiol Example 8 


66.7 










Polycsierdiol Example 14 




66.7 








PED-55.225 






71.5 






PED-33-225 








69.5 




Hardener A 










120.5 


BYKTM P.104S 


0.82 


0.82 


0.82 


0.K2 


1.23 


TiO: (R.yeo) 


133.3 


133.3 


133.3 


133.3 


200 



let down to provide paint formulations having tonnulas as set fonh in Table 8. 
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Tables 



Formulations 


Example 3K 


Example 39 


Es;iniplc 40 


ExamoleJl 


E3^4mplc 42 


MUlBase A 


80.35 










MillBase B 




80.35 








MillBaseC 






S2.27 






MillBasc D 








81.5 




MillBase £ 






_ 




128.69 


CYMEL™ 303 


30 


30 


26.67 


26.67 


50 


Polycsicrdxol Ex. K 












PolycsicrdiolEx. 14 




y.yK 








FED 55-225 






I4.2y 






PED 33-225 








13.89 




Hardener A 










12.05 


DC'51 


1.33 


1.33 


1.33 


1.33 


2.00 


Nacurc^" 2500 


0.x 


O.K 


O.X 


O.K 


1.20 



The formulations were further diluted with the solvent blend to 
provide a Zahn cup #3 viscosity of 20 seconds. 

The NVM and VOC content of the formulations at the adjusted 
viscosity were as follows: 





EX.3K 


Ex.39 


Ex. 40 


Ex.41 


Ex.42 


NVM% 


85.4 


86.85 


83.57 


84.K9 


82.25 


VOC 


1.82 


1.71 


2.00 


1.92 


2.17 



The formulations were applied lo Bonderite™ panels and baked 20 
minutes at 300"F. Properties are shown in Table 9. 

Table 9 





Gloss 


KDOOp 

Hardnes.*: 


Pencil 
HanJne.v 


MEK 
RUBS 


Direct 
Impact 


20" 


60** 


Ex.38 


41 


79 


5.4 


2H 


>300 


120 


Ex.39 


47 


82 


5.8 


2H 


>300 


110 


Ex.40 


32 


76 




B 


>300 


150 


Ex.41 


41 


81 




B 


>300 


166 


Ex.42 


81 


97 


19.9 


4H 


>300 


20 
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As is evident from Table 9. coatings with the polvestcrdiols of the 
present invention fExan,ples 38 and 39) show si,nir.t:amly better properties than is 
the cose with commercial polyesterdiol counterparts (Examples 40 and 4 1 ) The 
coating with l(K)% Hardener A (Examples 42) demonstrates veo' high hardnes. 
but a lack of flexibility as evidenced by a Direct Impact vaJue of only 20. 
Examples AIM 

Formulations containing the polyestcrdiols of this invention and 
commercial polyestcrdiols and a hardening agent were prepared by blending 
corresponding ratios of the formulations of each of Examples 38-41 brought to the 
same viscosity with the formulation of Example 42 containing Hardener A , 



provide polyesterdiol^ardencr A binder 



. to 



ratios of 70:30 (70% binder based on the 



polyesterdiol and 30% binder based on the hardening agent). 

TTiese formulations were applied to Bonderite"" panels and baked 
20 minutes at 300" F. Properties are shown in Table 10. 









GJoss 


Knoup 
Hardness 


Pencil 
Hardness 


MEK 
RUBS 


Direct 
Impact 


20" 




Ex.43 " 
(Ex. 8 NPG/ADIP) 


58 


87 


13,8 


4H 


>300 


100 


Ex.44 " 
(Ex. 14PG/AD1P) 


51 


85 


10.5 


3H 


>300 


80 


Ex.45 (PED 55-225) 


36 


79 


4.6 


F 


>300 


>160 


Ex.46 (PED 33-225) 


44 


82 


4.9 


F 


>300 


120 



; present invention 



again demonstrate significanUy better properties in combination with a hardening 
component versus the commercial counterpans. Tht fom^ulation of Example 43 
containing the polyesterdiol of Example 8 demonstrates very high hardness and 
outstanding flexibility as compared, for example, with Joncryl™ 504. with a VOC 
of 1 .9. which is 1 .0 lb/Gal. less than the VOC of the Jonco'l- 504 formulation. 

The composition containing the polyestcrdiols of the present 
invention combined with hardening agents- can be used as a major component of 
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ihc binder for hich and ultra hi^'h solids coating formulations, as well as reactive 
diluents for other polymer systems providing significant dilution and VOC 
reduction without a loss in properties and. at the same ume, an improvement of 
some important properties. 

As is evident from Table 10. cured films containing both a hardener 
and the polyesierdiols of this invention (Examples 43 and 44) show significantly 
better properties vs. the commercial counterparts (Examples 45 and 46). 

We have discovered that solvcnt-(unreacted dioD-frce curable 
compositions with highly desirable properties can be provided by compositions 
comprising: 

a. Polyesierdiols of present invention having number average 
molecular weight Mn < 100, preferably < 6(K). more preferable < 500 and 
most preferable < 4(X) with polydispersity index Mw/Mn < 1.4, preferably < 
1.35. more preferable < 1.3 and most preferable < 1.25. The polyesierdiols 
further characterized as having a non-volatile material (NVM) content in 
excess of about 96 wt9fc, preferable > 98%. and more preferable > 999c, 
preferably free of catalytic impurities. 

b. Amino crosslinking agent being a poly(mcihyloK alkoxym ethyl), 
preferably a polyfmethyloK mcthdxy methyl) amino crosslinking agent. 
The above solvent free curable compositions oprionally, but 
preferably containing: 

c. A hardening agent containing funcdonal groups being able 
to react with B. (amino crosslinking agent), with number average molecular 
weight < 800, preferably < 700, more preferable < 600. and most preferable 
< 500, being compatible with the component A. and increasing hardness of 
the curable composition upon crosslinking. 

d. A pigment or pigment compositions or pigmcm-filler 
composition. 

The solvent-free curable composition may also contain small 
quantities of caulysts accelerating reaction between b.. a. and optionally c. as well 
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other additives usually used to improve specita- propen.es of paint ,coa.,n,.) 
compositions and films produced from them. 

The solvent-free curable compositions of present invention 
demonstrate strong viscosity reduction with temperature increase and in most case, 
provide low viscosity acceptable for spraying appl.cation even at mi]d increase in 
temperature. 

The polyesterdiols of the presem invention demonstrate unusuallv 
Strom improvements achievable in the preparation of curable, liquid coating 
compositions which are essentially organic solvent free. i.e.. are coating 
compositions which are essentially free of organic compounds which generate 
VOC. including viscosity-adjusting solvents as descnbed above and unreacted 
diols. By "es-sentially free" of VOC generating compounds is meant coating 
formulations which contain less than 3 wt% VOC compounds, preferably L than 
2 wt%. more preferably less than 1 m% and most preferably less than 0.5 m% of 
such compounds. Solvent-free liquid compositions of this invention offer 
numerous advantages. They are flowable at or about room temperature and can be 
applied to surfaces by conventional liquid coatings techniques, including spray 
methods at temperatures less than about 250T. preferably less than about 200T. 
and they exhibit significantly reduced rtammabiUty (flash point greater than lOOT. 
preferably greater than UA^F). Most significanUy. since these liquid formulations 
contain an insignificant amoum of organic solvent and unreacted diol. substantially 
no VOC is generated from solvent or unreacted diol during the coating and baking 
«eps. While some VOC may be generated from product crosslinking. this amount 
is small compared to prior an compositions containing solvents and/or unreacted 
diol. as shown below. 

■ The polyesterdiol component used in such solvent-free 
compositions is a liquid as described above, but having a number average 
molecular weight (Mn) of le.« than 700. preferably less than 600. more preferably 
less than 500 and most preferably less than 400. with a polydispersit>' index 
(Mw/Mn) of less than 1.4. pnjferably le.ss than 1 .35. more preferably less than 1.30 
and mo.st preferably less than 1 .25. and an NVM content in excess of 96 m9c. 
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preferably in excess of 9X wtOir. more preferably in excess of 99 wi9c. and most 
preferably about UK) wtCt . as described above. 

For solvent-free coatings, the preferred crossiinking agents are 
methylol (alkoxymcthyl) amino crossiinking agents containing little or no organic 
solvents generating VOC where the alkoxy group contains I to 4 carbon atoms, 
preferably 1 to 2 carbon atoms, and most preferably one carbon atom. Although 
the mixed alkoxy mclamines (e.g.. 50% mcthoxy. 50% buioxy) offer the advantage 
of lower viscosity when used in solvent-bnm coating fomiulations fResimenc®" 
Aminocrosslinker Resins; . Monsanto. 199K pg. 25. Chart 8). the opposite effect 
was di.scovcred for solvent and/or unreacted diol-fres coaling compositions of the 
present invention, where amino crossiinking agents with primarily mcthoxy as the 
alkoxy groups demonstrated lower viscosity, lower VOC. better properties, etc. 

Therefore, preferable examples of amino crossiinking agents are 
CymcFM 300. 3OI. 303. 303LF, 350. 373. 385. Powdcrlink 1 174. Beetle 65, 
produced by Cytcc, Resimene* A0755(). 735. 745. 746. 747. 980, 975 from 
Monsanto. A big advantage of the solvent-free compositions of the present 
invention is the ability to form stable mixtures with limited but essential amounts of 
water without using water-miscible solvents or unreacted diols contributing to 
VOC. 

The compositions can contain from about 0.5 up to about 20 wt9r. 
more preferably from about 1 to 10 wi% of added water to further reduce the 
viscosity of the composition. 

The solvent-free composition of this invention without water 
addition will generally exhibit a Brookfield viscosity at 25°C of less than 4,000 cps, 
preferably less than 3,000 cps, more preferably less than 2,000 cps. 

A particular advantage of the invention is the large viscosity 
reduction at higher temperatures. Even at mild temperatures, e.g., 60°C, 
viscosities of less than 600 cps. preferably less than 500 cps. more preferably le.ss 
than 400 cps and most preferably le.ss than 3fK) cps arc achievable, which renders 
them more flowablc for application to substrates at higher temperatures, e.g.. about 
140*T up 10 about 175T. without the attendant fire hazard or explosion risk 
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encountered at these higher temperatures due to the relative ab.scncc of 
inflammable solvents in the composition. 

Another panicular advantage of the solvent-free curable 
compositions of the present invention is the ability to imbibe water and achieve a 
iart'c viscosity reduction both at 25X as well as at mildly higher temperatures. 

Brookficid viscosities of less than 1000 cps. preferably less than 7(K) 
cps, more preferably less than 500 cps. and most preferably less than 400 cps, are 
achievable at 25°C with curable water-extended compositions of the present 
invention. 

Brookfield viscosities of less than 200 cps. preferably less than 15(1 
cps. and more preferably less than 100 cps. are achievable at 60=>C with curable 
water-extended compositions of the present invention. - 

The above range of viscosities actually covers requirements for any 
known type of application technology used for liquid coatings, including spray. 

The molecular weight of the hardening component is the major 
^ factor in their applicability in solvent-free curable compositions of the present 
invention. In general. lower molecular weight hardening agents provide lower 
viscosity, higher hardening effect and bcner compatibility with water, without the 
addition of water-compatible solvents. The reduction of molecular weight of the 
hardening agent is limited by volatile components. The preferable hardening agents 
should have NVM > 90 wi7c. more preferably > 95 wt%. and most preferably > 9K 
wt%. 

The preferable weight level of amino crosslinking agent is 50 - 
120% of the stoichiometric amount, more preferably 60 - 100%, where the 
stoichiometric amount is calculated as 2 mcihylol and/or alkoxymcthyl group per 
one aliphatic hydroxy! group and 1.5 times this amount per one phenolic hydroxyl. 

One of the important factors affecting the amount VOC of .solvent- 
free curable compositions of the present invention is the level of catalyst. The 
increase in catalyst causes an increase in VOC fomaiion as well as an increase in 
hardness of the coating. The incrca.se in hardening agent level provides an increase 
in hardness with substantially no increase in VOC. Therefore, the balance of 
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catalyst level and hardening agcni level pmvides the means to minimize VOC tor 
any particular hardness requirements (up to 6 - 7H). 

Another important consideration is the difference between VOC 
measured at standard EPA-defined conditions and VOC formed at actual baking 
5 conditions. This phenomena is generally known for any condensation type 

crosslinking reaction and not specific to solvent-free curable compositions of the 
present invention. However, the present invention teaches how to optimize one or 
another for solvent-free compositions. 

in panicular for a coating with a required hardness, where EPA 

10 VOC requirements measured at 23n°F require a reduction in catalyst level or 
acidity, the required hardness can still be achieved with increased baking 
conditions, i.e.. time and/or temperatures using the compositions of the invention. 
Baking conditions generate higher VOC than EPA conditions. However, 
optimization of the invention at EPA conditions is usually not optimal at baking 

15 conditions. To achieve better VOC at baking conditions, some increase in catalyst 
and reduction in bake (temperature, time) arc required, but causes some increase in 
EPA-determined VOC. The increase in hardening agent permits reduction of 
catalyst and/or baking conditions to reduce both EPA- and baking- VOC. 

Examples 47-49 illustrate the preparation of essentially organic 

20 solvent-free coating formulations in accordance with this invention. 

Examples 47-49 

Millbases having the following composition were prepared as disclosed above: 



Mitlbasc 


A 


B 


C 


PoIycstcrdiol(Ex.8) 


50.0 






PoIycsicrdiol(Ex.l4) 




50.0 




PED-55-225(93.3%) 






53.6 


WciiingAgeni(52%) 


1.24 


1.24 


1.24 


TiO2(R-706) 


150.0 


150.0 


150.0 



Specific quantities of the above formulated millbases were further 
let down to provide solvent-free paint formula.s as set forth in Table 1 1 . 
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Tablr 1 I 



roaiiulaiion 


Example 47 


Example 48 


Example 49 


MiJlDascA 


67.08 




• 


MilIba«;cB 




67.08 




MilihascC 




" 


68.2X 


PolycsierdiolEx.8 


13.33 






PoIycstcrdioIEx.14 


- 


13.33 


- 


PED - 55 - 225 






14.29 


Cymel^w 300 


20.0 


20.0 


20.0 


Dow Coming 57 


0.115 


0.115 


0.115 


Brooklield Vise, cps 
25'C 


2860 


1540 


4810 


Bxooklicid Vise, cps 
60T 


324 


26(1 


560 


Cymcl^/Bindcr wi% 


40.0 


40.0 


40.0 



» * ^J-k t 

level bymixing in BYK™u,51 and applied .o Bnndcrit.™ 1000 (unpolished) 
panels and baked 20" at 350T. Propenies are shown in Table 12. 

IabkJ2 





Gloss 20*" 


Gloss 60* 


Knoop 


Pencil 


MEK 


Direct 








Hardnes.s 


Hardness 


Rubs 


Impacc 


Ex. 47 


65.0 


85.0 


11.0 


4H 


>300 


60 


Ex.48 


66J 


87.0 


9.0 


^ 4H 


>300 


50 


Ex.49 


60.0 


83.0 


3.5 


F 


>300 


no 



using 



polyestcrdiols of the present invention (Ex. 47 and 48) demons.n.te significantly 
better f.Im properties and lower fonnulaiion viscosities at both 25-0 and 60"C than 
coatings made using a commercial polyesterdiol counterpart (Ex. 49). The 
fomulations of Examples 47 and 48 also provide cured coatings having good' 
Knoop Hardne.s., values while maintaining rea.sonably good Direct Impact values. 

Cured coating fomiulations having higher hardness values can be 
prepared by inclusion in the composition of from about 0.5 to about 60 wt%. 
preferably 2-40 m%. based on binder content, of a hardening agent which contains 
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at least two hydroxy functional groups per molecule reactive with the amino 
crosslinking agent and which hardening agent is compatible or misciblc with the 
polyestcrdiol component present in the composition and which has a relatively low 
molecular weight Preferred hardening agents are those containing phenolic, 
aromatic, cycloaliphaiic and/or aliphatic hydroxy functionality and having an Mn of 
at least 200 up to about less than 800, preferably less than 700. more preferably 
less than 600 and most preferably less than 500. Such hardening agents include 
those described above, including bisphenohc compounds such as Bisphenol-A. 
Bisphenol-2 and the like: low molecular weight aromatic or cycloaliphatic 
polyesterdi(poly)oLs such as described in US-A-410424() or 454077 1 . bis para- 
hydroxy phenyl benzoaies (bis-PHBA esters) of C: to Ck diols of the type 
described in US-A-5 166289, particularly bis esters of diols such as ncopentyl 
glycol or propane diol and para-hydroxybenzoic acid (PHB A). 

Another prefenred hardening agent is the phenol-aliphatic functional 
hardening agent which is the reaction product of PHB A and a glycidyl ester of Q 
to Cm saturated carboxylic acids, e.g.. the reaction product of PHB A and the 
glycidyl ester of neodecanoic acid, identified above as Hardener A. 

The following examples illustrate the preparation of es,sentially 
organic solvent-free coating formulations also containing reactive hardening 
agents. 

Examples 50*57 

Millbases having the following compositions were prepared as 
described above: 



Millbase 


A 


B 


PolcslCTdiol(Ex.l4) 


150.0 




Pcd.33-225(y5.2%) 




157.26 


WcilingAccnl(52%) 


3.72 


3.72 


TiO:(R-706) 


450.0 


450.0 



Specific quantities of the above formulated millbases were further 
let down to provide solvent free paint formulations as .set forth in Table 13. 
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Table 1.1 







3 I 


52 


53 


54 


55 


56 


57 


Millbasc A 




i J**. 1 0 


134.16 


134.16 










Millbasc B 










135.85 


135.85 


135.85 


135.85 


PolycjticrdinI 
Ex. 14 


21.67 


14.67 


5.19 


0.15 










Polyesterdiol 
33-225 


- 


- 


- 


- 


28.01 


20.80 


7.96 


2.69 


Hardener A 






14.98 


13.02 






15-91 


13.96 


CymelTM 300 


45.0 




46.5 




40.0 


- 


43.18 




*CymeI^" 
1135 




52.0 




53.5 




46.86 




50.14 


•♦Dow 57 
25% Roluiion 
in Butanul 


1.00 


1.00 


1.00 


1.00 


1.00 


I.(H) 


1.00 


1.00 • 


PED/Hard 
Agent Ratio 

* XJi- _ J 1 


100/0 


100/0 


72/28 


72/28 


100/0 


100/0 


72/28 


72/28 



10 



15 



Cyanamid). 

** The solvent in the additive reduces NVM by 0.37%. 

The level of amino crosslinkin^ agent in the formulation is based on 
2 mcthoxymethyl (butoxymethyl) groups per one aliphatic hydroxyl and 3 
mcthoxymethyl (butoxymethyl) groups per phenol group. 

The formulations were further catalyzed to the 0.15 m% of PTSA 
per binder level with BYK^-45K which additionally reduces NVM by 0.33%. 
(The reduction of NVM caused by solvents in the additive can be avoided by the 
use of 1 00% NVM additives, free of solvent diluents). 

The catalyzed formulations were used to determine experimental 
NVM at standard ASTM conditions (I hour at 230T) as well as at baking 
conditions. For the purpose of evaluation '^low bake** 20* at 300T and "high bake" 
20* at 350T were used with the understanding that, for example. UY at 350T 
would provide some sort of intermediate results. 
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The catalyzed formulations were aLso used to determine viscosities 
and 25*'C and 60"C as well as film properties after bake at 300T and 350T (20 
minutes). 

Properties of the formulations and baked coatings arc shown in Table 14. 



TabigH 



Fonnulauon 


50 


51 


52 


53 


54 


55 


56 


57 


Brookfield Vis cps 
25* 


1120 


800 


2200 


1300 


1600 


1000 


2800 


1600 


BnxDkfield Vis cps 
60" 


142 


122 


216 


144 


198 


152 


276 


185 


NVM 

(ASTM D236V-90) 


95.59 


94.99 


95.00 


94.23 


95-35 


95.73 


94.71 


94.60 


Density Ib/CaJ. 


14.87 


14.31 


14.79 


14.23 


14.73 


14.36 


14.75 


14.26 


VOC (EPA McUi. 24) 


0.66 


0.72 


0.74 


O.k: 


0.68 


0.61 


0.78 


0.77 


Bake 20" x 300T 










not 
cured 


not 
cured 






Gloss 20" 


53 


52 


61 


55 






58 


53 


Gloss 60" 


82 


80 


85 


84 






83 


81 


Pcndl* Hardness 


>2B 


>2B 


B 


>2B 






>2B 


>2B 


MEKRubs 


>300 


>300 


>300 


>300 






>300 


>300 


Dir Impaa 


>160 


>160 


>160 


>160 






>160 


>160 


NVM 20' X 300"F 


92.37 


91.25 


92.73 


91.26 






92.97 


91.95 


VOC 20' X 300"? 


1.13 


1.25 


1.08 


1.24 






1.04 


1.15 


Bake 20" X 350T 


















Gloss 20*^ 


36 


42 


54 


44 


32 


36 


48 


50 


Gloss 60* 


77 


79 


84 


81 


70 


76 


82 


82 


Pencil • Hardness 


HB 


B 


2H 


HB 


>2B 


>2B 


F 


2B 


MEKRuhs 


>300 


>300 


>300 


>300 


>300 


>300 


>300 


>300 


Dir Impact 


100 


120 


100 


100 


>160 


>160 


120 


140 


NVM20'x350''F 


90.87 


88.59 


90.77 


88.78 


90.97 


89.21 


90.90 


89.21 


VOC20'x 350T 


1.36 


1.63 


1.37 


1.60 


1.33 


1.55 


1.33 


1.54 



Note* The higher the B hardness number, the less hard is the coating; the higher 



the H hardness number, the harder the coating. 
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As can be seen from Table 1 4. ,he solvent free coatin. composition, 
demonstrate vety strong reduction of viscosity even a. ver^. mild increase in 
i^era^re from 25"C to 60T. Viscosities at flt-U,e requirements for mo. 
of the spray equipment used in the coating industry. Even viscosiues at 25"C can 
be spray applied by the use of more spec-ialized and powerful spray equipment. 

VOC contents are very low. although not 0 despite the practical 
absence of solvents. The panial reaction between the amino cross.inking agents 
(Cyr^eFM 300. Cymel- | ,35). the polyesterdio.s and the hardening agent is 
accompanied by the formation of methanol and butanol - byproducts of the 
crosslinking reaction, which adds to VOC level. 

A very strong effect of baking conditions on VOC formation durin^ 
the crnsshnking reaction is al.so .shown in Table 14. VOC formation a, 350T (20') - 
actually double the standard VOC co.esponding to the EPA definition, while 
VOC formed at 300T (20') is in between. 

It is important to note that none of the formulations of Examples 
^ 50.57 catalyzed a. 0. , 5% PTSA/binder level produced good film p..penies at 
300T bake, even though most of them were completely cured based on MEK- 
Double Rubs test results. However, at 350T (20') bake the formulation of 
Example 52 based on the blend of polyesterdiol of Example 14 and the hardening 
agent ,n a 72/28 r^tio provided a good coating with 2H pencil hardness. 100 d.rect 
impact. 0.74 standard measured VOC and 1.37 actual baking VOC. 

Hie data in Table 14 also show a significantly higher actual bake 
VOC for formulations made with methoxy-butoxy substituted Cymel™ 1 135 
versus methoxy substituted Cymel™ 300. especially a, 350T x 20' bake. 

Examples 50-57 were repeated as set forth, except that the level of 
PTSA catalyst mixed in was increased to 0.30 wt%. based on binder weight 
Propemes of the fonnuladons and baked coatings prepared therefrom are .shown in 
Table 15. 
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Tabic I? 







J 1 


<*> 




>♦ 








IN VM ^Ao 1 




111 AA 


in 






OO At 




oi no 


\//V^ /CD A \ 


1.04 




1.01 


l.Zl 


1 no 
1.02 


1.09 
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1. !*♦ 


oaKC X JiXTr 


















Gloss 20^ 


69.5 


35 


75 


71 


62 


61 


74.6 


61.6 


Gloss 60** 


86.5 


74 


89 


87.4 


84.4 


82.3 


88.5 


83.9 


Hardness Knoop 


5.9 


6.5 


7.4 


4.1 


<1 


<I 


3.2 


<I 


Hardness Pencil 


F 


HB 


2H 


F 


>2B 


>2B 


HB 


B 


MEK-Rubs 


>300 


>300 


>300 


>300 


>300 


>300 


>300 


>300 


Direa Impact 


100 


100 


80 


80 


>160 


>160 


120 


>160 


NVM 20' X 300"? 


91.6 


89,62 


91.92 


89,62 


92.23 


90.20 


92.05 


90.16 


VOL 20 X 300 r 


1.25 


1.49 


1.19 


1.48 


1.14 


1.41 


1.17 


1.40 


Bake 20' x 350'F 


















Gloss 20" 


60.6 


41.2 


68.4 


61.5 


47.7 


43.9 


69.8 


60.7 


Gloss 60* 


85.5 


78.3 


88.8 


87.3 


81.3 


78.1 


89.5 


86.6 


Hardness Knoop 


14.4 


11.8 


23.6 


19.6 


4.37 


5.9 


12.1 


9.2 


Hardness Pencil 


>4H 


>4H 


>4H 


>4H 


F 


F 


>4H 


2H 


MEK-Rubs 


>300 


>300 


>300 


>300 


>300 


>300 


>300 


>300 


Direct Inxpact 


50 


50 


40 


50 


100 


100 


60 


60 


NVM 20' X 350"? 


89.45 


86.72 


89J4 


86.81 


89.80 


86.91 


90.07 


86.65 


VOC20-x350*F 


1.57 


1.90 


1J5 


1.88 


1.50 


1.88 


1,47 


1.90 



* The additional catalyst quantity reduces NVM an additional 0.33% due to the 
solvent present in the catalyst. 



The data from Table 15 shows that catalyst level (0.30 vs. 0.15) has 
5 a very strong effect on the generation of VOC. The standard EPA defined VOC 
increased 0.3-0.4 ib/gal. At bake conditions, VOC is also increased about 0.1 to 
0.4 lb/gal. Also, the Table data shows that higher temperature bakes (350**F) 
generate more VOC than lower temperature bakes (300T). 

In general, good balance of formulation viscosity properties, cured 
10 film properties and low VOC content are achieved in formulation 52 containing the 
polyesterdiols of the invention crosslinked using hcxameihoxymethylm el amine. 
The data also show that alkoxy substituents higher than methoxy in the amino 
crosslinking agent generate a higher VOC content on baking. The data of Table 15 
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den,onstra,cs that 2H hardness can be achieved wi.h formulation 52 cauilyzed ,o 
0.3 PTSA level at "low bake" 3(K)=Fat 20 mmute.s conditions. The fom,uIation 
provides 1.01 lb/gal. EPA standard VOC and 1.19 Ib/cal. actual VOC at bakin. 
conditions. Comparison with Table 14 shows that lower catalyst level provides 
lower standard VOC (0.74 lb/gal.) but higher actual VOC at baking conditions 
(1.37 Ib/gal.). Also, the viscosiues of the formulations of Examples 50-53 are 
lower than those foimulations containing the polyesterdiol component of the prior 
art (Examples 54-57). Therefore, a formulation can be optimized depending on 
which VOC Is required. 

Solvent-free formulations based on polyesterdiol of the present 
invention provide sfgnificantly betterfllm properties than commercial counteT,arts 
at all studied formulations. So. the .same film propenies can be achieved with - 
polyesterdiols of the present invention at lower catalyst level and/or lower base 
conditions providing significantly lower VOC. Substitution of pan of the 
polyesterdiol with hardening agem does not affect VOC. but .signincanUy improves 
film properties. 

An unexpected and useful advantage of the present invention is the 
fact that very low viscosity, solvent free, curable compositions can be achieved by 
the addition of limited but essenUal quanUtie.s of water to the solvcnt/diol-free 
formulations. Table 1 6 presents data on the effect with respect to viscosity of 
water addition to the formulation examples 50-57 catalyzed with 0.3% PTSA. 
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Table 16 

Viscosities ;]t water addition to the Formulations of Examples catalyzed ai 

0 3 wi^ PTSA. 



Brotikiield Vise. iCDs) 25''C 


Bnicikricld Vist- icps) 60X 


W;.ter Added (wt^) 
Example 


0 




0 


2 


4 


6 


8 


10 


50 


950 


600 


127 


121 


102 


81 


77.5 


X2.5 


51 


690 


620 


101 


130 


146 








52 


1750 


9{»9 


203 


134 


124 


94.5 


100 


103 


53 


1050 


2100 


13y 


15X 


606 








54 


1370 


970 


IK6 


190 


147 


140 






55 


900 


2200 


134 


244 


2800 








56 


2310 


1200 


240 


m 


IKO 


256 






57 


1350 


lOK 


190 


243 


lOK 









The data in Table 16 shows that f ormulations made using mcthoxy- 



5 buioxy substituted amino crosslinking agent (Cymel"^* 1 1 35) demonstrate increase 

in viscosity with addition of water. (Examples 51. 53, 55. 57) and cause gelation 
even at small addition of water. On the other hand, formulations made using 
mcthoxy t>j)c Cymel™ 300 and the polycstcrdiol of the present invention imbibe 
up to 10% water per formulation (20% water per binder) and demonstrate a very 

10 strong viscosity reduction (Examples 50 and 52). An especially strong reduction in 

viscosity is achieved for blends of the polyesicrdiol of the present invention 
containing the hardening agent (Ex. 52). 

Formulation 52, when undiluted with water, has significantly higher 
viscosity then formulation 50 without hardening agent However, the addition of 

15 6-8% of water significantly reduce.^ viscosity to about the same very low level. (80- 

90 ops). Also, fonnulations made with the commercial polyesterdiol and Cymel^' 
300 imbibe only up to 4-6% of water and demonstrate significantly less reduction 
of vi.scosity with lowest viscosities about 2 times higher (Examples 54 and 56) than 
fonmulaiions containing the polyesterdiols of the present invention. 

20 The data in Table 16 also demonsu-ates that solvent-free 

formulations having low viscosities at 60*'C can be achieved, which means that 
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these formulations can be sprayed on surtaccs at hisher temperatures without tire 
or explosion hazards attendant with coatings containing volatile organic solvents. 

The above results demonstrated outstanding value of blends of 
poiycsterdiols of the present invention and Hardener A as materials for solveni-tree 
curable coating compositions. However, many of the hardening agents are 
crystalline compounds. 



CH, ^ ' 



BisphenoJ A 



^ ^ 0 OH Sr'.,. 

NPG-Bis PHBA ester 

or non-flowable at ambient condition material 
Glydcxx® - PHBA ester (Hardener A). 
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To demonsirate their compauibility with polycsterdiols as well as to 
prepare convenient flowable an:ibient condition W)^ NVM raw material 
convenient tor industrial application several blends were prepared (Table 17). 

Table 17 

5 Polvesterdiol - Hardening Agent Blends 





BL-1 


BL-2 


BL-3 


BL-4 


BL-5 


BL.6 


BL.7 


BL.8* 


PC Adipaic Ex. 14 


280 


400 


400 


120 


80 


15 


100 




PG Adipaie 33-225 
















126 


Glydexx* Hardener 
A 


120 






2X0 


320 


85 


100 


280 


Bisphenul A 






100 












NPG-BisPHBA 




100 














Hard Ajcem wl^ 


30 


20 


20 


70 


XO 


85 


50 




VLscosily 25*C cps 


1500 


2050 


2100 


18500 


46000 


74000 


4300 


18900 


Viscosiiy 60''C cps 


128 


162 


167 


625 


1060 


1400 


257 


700 



* Blend 8 had lower NVM due lo NVM of Fomrcz^^ 32-225 = 95.2%. All the 
blend demonstrated high stability and were handleable at ambient conditions. 

The blends BL-4 to BL-6 arc 1 0(1% NVM hardening agents 
fiowable at ambient conditions. These blends can be used instead of unflowable 

10 Hardener A as reactive hardening diluents in paints curable through amino 
crosslinking agents (acrylics, alkyds. polyesters, etc.) 

The blend BL-7 is a lOO^- NVM. mildly hardening reactive diluent 
providing better VOC reduction than blends BL-4 to BL-6. 

The blends BL-1. BL-2. and BL-3 arc low viscosity. \00% NVM 

15 reactive diluents amenable to substitution of significant amounts of binder (up to 

50% and more) in commercial solvent based coating compositions without 
sacrificing essential properties, in many cases with improvement of essential 
properties, providing strong VOC reduction for such formulations. The blends 
BL-1, BL-2, and BL-3 are also low viscosity. 100% NVM raw materials for the 

20 solvent- free curable compositions of Examples 58-65. 
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Millbases having the compcsitinn .shdwn in Table 17A were 
prepared as described above: 

IMU2A 



MB-BL:i MB.BLO MB^BL-.^ I Mg:,f^" 



20(1 



BL-2 



2(K) 



200 



PG Adipaie (£x. 14) 



Welling Agent Di.spcrbyk - 110 (52^) 



200 



500 



500 



500 



501) 



Specific quantides of the millbascN shown in Table ] 7A were further 
let down to provide solvent-free, catalyst-containing paint formulations as shown 
in Table 1 8. The formulations of Examples 58. 60. 62 and 64 conuin CYMEL^* 
30()crosslinking agent at a conditionally calculated level of 100% stoichiometric 
which assumes 2 methoxymcthy] groups per aliphatic hydroxyl and 3 methoxy 
methyl groups per 1 phenol group. 

This 100% stoichiomeiry level was used to recalculate how much 
CymelTM 300 would constitute 120% of sioichiomctry. 
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TaMg IS 



Formulation Ex 


5X 


59 


60 


61 


fi2 


63 


64 


65 


MB BL-1 


211.51 


70.5 














MB BL-2 






211.51 


70.5 










MB BL-3 










Ml.O 


705 






MB Ex.14 














211.51 


70.5 


BL-! 


13.77 


30.0 














BL-2 






17.04 


30.0 










BL-3 


- 


• 






12.4y 


30.0 






PCAdip. (Ex.I4> 














21.33 


30 


Cymc!^ 300 


76.23 


0 


72.96 


0 


47.51 


0 


68.67 


0 


Dow 57 


0.30 


0.10 


0-30 


0-10 


0.2(1 


0.10 


0.30 


0.10 


BYK™^51 


1.125 


0.375 


1.125 


0-375 


0-75 


0.375 


1.125 


0.375 


PTSA 'a. per binder 


0.15 


0-15 


0.15 


0.15 


U.15 


0.15 


0.15 


0.15 


Cyincl~ 300 wt% 


50.82 


0 


48.64 




47.51 


0 


45.78 


0 


Stoich. % 


120 


0 


120 


0 


100 


0 


120 


0 


Hard Agent wi% 
per resin blend 


30 


30 


20 


20 


20 


20 


0 


0 



Properties of ceruin of these formulations and properties of baked 



films prepared therefrom are shown in Table 19. In certain cases, formulations 
containing the crosslinking agent (Ex. 58 or 64) and formulations free of 
crosslinking agent (Ex. 59 or 65) were blended at different ratio.s to provide varied 
ratios of crosslinking agent as shown in Table 19. This provides a means to 
evaluate the effect of crosslinking agent ratio on film propenie.s as well as on 
rheological properties of the coating. 
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Table ]9 

Fonpulanon.Fxa mpic5.^8 50 6 4. 65 nt vw.ku ryn^^jTM :^nn 
(All MEK-Riih.^ y in) 



Form Ex. 


5X 


58/5! 


^ 58/5 


f JO/ J 


7 f>4 


64/6 


5 58 


58/5 


^ 58/5 


y 58/5 


9 64 


64/65 


CymcFM 30C 
7c Sioich 


) 120 


100 






120 


100 


120 


100 


90 


65 


120 


100 


PTSA 
per binder 


0.15 


yj.ij 


U.I J 


0.15 


0.15 


0.15 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


NVM 
(ASTM) 


95.63 






95.72 


96.35 


96.43 


94.11 


93.77 


93.43 


93.75 


93.37 


93.7 


VOC (EPA) 


0.65 


0.68 


0.68 


0.63 


0.54 


0.53 


0.H7 


0.92 


0.97 


0.925 


0.98 


0.93 


Bake 20" x 
300T 


























Gloss 20" 












* 


72 


72 


70 


70.6 


66 j 66 


Gloss 60" 












* 


8X 


87 


86 


85 


86 1 85 


Hard. Knoop 














6.14 


7.5 


12.0 


7.3 


4.01 


4.5 


Hard Pencil 












* 


H 


2H 


3H 


2H 


KB 


F 


. Dir. Impact 














120 


100 


80 


80 


120 


120 


^NVM 














92.55 


92.76 


92.28 


92.18 


92.12 


91.97 


VOC 














1.10 


1.07 


1.14 


1.36 


1.17 


1.19 


Bake 20' x 
3501= 


























Gloss 20" 


47 


51 


47 


48 


41 


4K 


63 


67 


65 


61.5 


53 


58 


Cioss 60" 


Kl 


84 


81 


80 


79 


81 


88 


8K 


86 


83 


83 


84 


Hard Knoop 


9.4 


10.4 


12.0 


8.6 


5.4 


4.9 


24.6 


23.6 


21 


9.3 


13.2 


11.64 


Hard Pencil 


2H 


2H 


4H 


2H 


F 


KB 


4H 


6H 


6H 


2H 


4H 


4H 


Dir. Jmpaci 


80 


80 


80 


80 


100 


120 


40 


40 


50 


60 


50 


60 


NVM 


yi.3l 


i^l.47 t 


n.28 ' 


^1.36 


91.36 


i^l.22 


yo.6x < 


:^0.41 


S^0.17 < 


6^0.11 


t^O.23 


i?0.53 


VOC 


1.29 


1.24 


1.29 


1.26 


1.28 


1.30 


1.38 


1.42 


1.45 


1.46 


1.45 


1.40 



The above data demonstrate thai the level of crosslinking 



agent 



added to the formulations has practically no cffeci on VOC measured according to 
EPA technique or measured at baking conditions. The optimum level of 
crosslinking agent with respect to hardness values at both baking conditions is 
about W% of the stoichiometric mm level, which corresponds to a crosslinker 
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weight of about 43.7 wi^. ba.sed on binder weicht. This same optimum level also 
provided relatively low VOC after baking at SOOT. 

Optimization of cross linking agent provided better mechanical 
properties (hardness 3H. 4H verses 2H for Example 52 (Tables 14.1 5) without any 
detrimental effect on VOC. Therefore, additional hardener and optimization of 
crosslinking agent permit reduction of catalyst and/or baking conditions, providing 
reduction in VQC for the solvent-free coalings of the invention. 

Formulations free of the hardening agents demonstrate significantly 
poorer film properties, i.e.. formulations 64 and 64/65. 

These results show that the levels of crosslinking agent, hardener 
and catalysL as well as baking conditions can be varied to provide a wide variety of _ 
solvent-free coalings meeting required physical propcny standards. 

Additional formulations ba.sed on the formulation of Example 60 
and blends of Example 60 and 61 formulations to vary the crosslinker level (each 
conuining NPG-Bi.s PHBA hardening agent) were prepared. Properties and baked 
coating propenies are shown in Table 20. 
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Tabic 20 



Fonn. Ex. 


1 w 


60/61 


60/61 


60/61 


1 6i\ 


60/61 


60/61 


60/61 


CyincP* 30{). -^f 


120 


100 


90^ 


6.^1 


120 


100 


yu 




Sloich 
















PTSA % per 
binder 


0.15 


0,15 


0.15 


0.35 




0 3 




i\ 1 


NVM (ASTM) 


95.32 


95.64 


95.01 


95.08 


94.05 


93.62 




yj,39 


VOC(EPA) 
Biikc 20' X 300T 


0.69 


0.65 


0.74 


0.73 


O.XX 




u.yo 


0.98 


Glo5s 20" 










75 




73 


74 


Gloss 60" 










90 


MU 


Oii 


85 


Hardness Knoop 










7. 1 J 




16 A 


8-1 


Hardness Pencil 














>4H 


2H 


Direct Impiici 










J VA' 




80 


UK) 


NVM 














91 .98 


92.53 


voc 


- 


- 


- 


_ 


1.14 


1.11 


1.19 


Ml 


Bake 20* x 350^ 


















GJoss 20" 


46 


57 


55 


48 


66 


65 


66 


70 


Gloss 60" 


81 


85 


83 


80 


90 


88 


88 


88 


Hardness Knoop 


16.2 


15.9 


13,86 


8.2 


28.0 


23.9 


20.8 


7.2 


Hardness Pencil 


>4H 


>4H 


>4H 


2H 


7H 


6H 


>4H 


F 


Direci Impaci 


60 


80 


60 


80 


40 


40 


50 


60 


NVM 


91 .28 


91.58 


91.11 


91.54 


yo.32 


90.71 


90.20 


90.22 


VOC 


L29 


1.28 


1.32 


1.25 


1.43 


1.37 


1.45 


1.45 



: usins 



10 



the NPG-Bis PHBA hardening agents exhibit significant improvement in hardness 
(both Knoop and pencil) at about the same VOC level and at the same catalyst 
bake conditions, as evidenced by comparison of the data of Table 20 v^ith the data 
of Table 19. The data also shows that veiy good mechanical properties are 
achieved at low catalyst level^igh bake temperatures a.s well as higher catalyst ' 
level/low bake temperatures. By regulation of catalyst level and/or baking 
condition.s. the superior properties can be realized along with lower VOC 
generation. 
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The data dcmonstraicd significant .superiority of Bisphenol 
hardening agent NPG-bis PHBA ester versus mnnophenol functional Hardener A. 
The superiority in rate of crosslink ing mechanical properties, etc.. have been 
achieved without any detrimental effect on VOC and at lower level of hardening 
5 agent (2iWr versus 30%). 

Additional formulations based on Example 62 and various blends of 
Examples 62 and 63 were prepared as shown in Table 21 and properties were 
evaluated. These formulauons all contain bisphenol-A as the hardening 
component. 

10 Table 21 



Form. Ex. 


62 


62/63 


6V6y 


62/63 


62 


62/63 


62/63 


62/63 


Cvmcl'^" 300, Vi 
Sioich 


10i» 


75 


55 


44 


100 


75 


55 


44 


PTSA % per 
binder 


0.15 


0.15 


0.15 


0.15 


0.3 


0.3 


0.3 


U.3 


NVM ASTM 


95.56 


95.63 


95.47 


95.65 


93.62 


93.38 


93.64 


93.61 


VOC EPA 


0.66 


0.65 


0.67 


0.64 


0.94 


0.98 


0.94 


0.95 


Bake 20' x 300T 




























81 


77 


74 


75 


Gloss 60" 










93 


90 


88 


86 


Hardness; Knoop 










21.25 


20.2 


19.4 


8.7 


Hardnt^s Pencil 










4H 


4H 


4H 


2H 


Direct Impact 










80 


60 


60 


100 


NVM 










92.01 


91.94 


92.05 


91.91 


VOC 










I.IK 


1.19 


1.18 


1.20 


Bake 20" x 350^ 


















Gloss 20" 


51 


47 


47 


36 


77 


76 


77 


72 


Gloss 60' 


&4 


83 


82 


7K 


93 


91 


92 


89 


Hardne.«u; Knoop 


17.6 


23.8 


22.5 


lO.X 


26.7 


27.7 


22.4 


12.9 


Hardness Pencil 


4H 


>4H 


>4H 


4H 


>7H 


>7H 


4H 


3H 


Direct Impact 


«0 


60 


60 


60 


40 


40 


50 


50 


NVM 


91.53 


91.16 


90-96 


90.36 


90.15 


89.73 


89.75 


89.36 


VOC 


1.25 


1.31 


1.34 


1.43 


1.46 


1.52 


1.52 


1.57 
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The data presented in Table 2 1 demonstrates extremely high 
hardness even at high caulyst/low bake and low catalyst/hioh bake conditions. 
This can be interpreted as a higher rate of cross! inking specific for bisphcnol-A as 
die hardening agent versus para-hydroxybenzoate esters as the hardening agent, as 
shown in Table 20. This phenomena clearly indicates a po.ssibility of further VOC 
optimization by the regulation of the catalyst level -and/or the baking conditions. 
i.e.. reduction of the baking time at 350»F bake or reduct.on of bake temperature a, 
a 20 minute bake time. Standard EPA VOC is practically the same as in all 
previous fomiulations and depends only on cataly.st level. The same can be said 
about VOC mea.sured at 300°F baking condition.s. Baking at 350«F demon.stmtes 
sharp increase in actual VOC at low level of amino cro.s.sl inking agent (lc.« dian 
55% of .stoichiometric level). 

The opdmum level of amino crosslinking agent is not a.s clear as the 
90% stoichiometric level of the previous examples, but appears to lie in the 
75-100% of stoichiometric amount range. 

Solvent free formulations are described in Tables 1 8-21 and blends 
thereof containing varied crosslinkcr levels al.so demonstrate the ability to imbibe 
limited amounts of water thereby providing the possibility of further viscosity 
reduction which facilitates application of these coating formulations by 
conventional spray methods. Table 22 presents data of the effect on viscosity of 
water addition to various formulations of diis invenuon. 
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Table 22 

Water effec-t on Viscosities nf Solvent - Free curable compositions . 



Form Ex. 


5S/5y 


58/59 


58/59 


60/61 1 60/61 


60/61 


62 


62/63 


62/63 


CymeP^ 

300 

Sioich 


100 


yo 


65 


1(X) 


yo 


65 


100 


75 


55 


% water 
added 


Viscosity 25X(cps) 


0 


2200 


2370 


2460 


2900 


2980 


3240 


2560 


2600 


2800 


4 


752 


656 


696 


820 


788 


852 


880 


780 


7M 


6 


450 


462 


586 


470 


634 


548 








K 


384 


378 


378 


420 


402 


4t>4- 


462 


442 


390 


10 














356 


332 


372 






Viscosny 50"C (cps) 


0 


277 


260 


270 


310 


322 


321 


283 


278 


285 


4 


121 


116 


125 


J 23 


151 


144 


141 


138 


124 


6 


102 


V5 


103 


123 


152 


127 








X 


76 


73 


79J 


116 


87.5 


77.5 


97 


108 


95 


10 














84 


72.5 


64.2 



The data presented in Table 22 shows the following: 

1 . Solveni-frce curable coating compositions of the present 



5 invention can imbibe 8-10% by weight (or about 20% per binder) water, causing 

significant reduction viscosides of the composiiion.s. 

2. Variation of Hexameihoxymethyl malamine (Cymel"^' 300) level 
within 55-100% of the sioichiomctrically calculated amount does not demonsu-ate 
as significant an effect on viscosity as the formulations of Table 16. 
10 3. Bisphcnol-Type hardening agents do not cause any detrimental 

effect on the ability of the composidons to imbibe water and reduce viscosity. 

4. Addition of up to 8-10% of water reduces viscosities of the 
solvent-free curable composition of the present invention 6-7.5 umes, providing 
viscosities at ambient conditions in the range 3tK)-4IK) cps. Liquid coating 
15 compositions with such viscosities can be readily applied by a majority of the 
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techniques developed tor application ofliquid coatin-... Including electrostatic 
spray application. 

5. At a very mild heating to 60"C the viscosities of the solvent- 
tree, water-containing curable compositions can be additionally reduced to the 70- 
80 cps level. Even without water additions, viscosities of about 260-320 cps can 
be achieved at 60T, thus providing solveni-free coaungs which can be 
elecu-ostutically sprayed on surfaces at higher temperatures without tire or 
explosion hazards attendant with coadngs containing volatile organic solvent 

6. Some additional viscosity reduction without use of VOC 
generating solvents can be achieved by the addition of water mixable acetone 
(recently delisted from VOC generated compounds), ks addition, especially with 
increase in water content, obviously provides unlimited viiico.sity reduction, 
especially for application at low temperature, if needed. 

However, the addition of acetone especially at higher quantities, can 
be detrimental in causing flash point reducdon. 

High flash point due to the absence of .solvents is one of the major 
advantages of the solvent-free curable compositions of the present invention. 

General P onchrsin n^ 

1. The present invention provides solvent- free curable 
compositions without VOC-gen era ting .solvents and unreacted diols. 

2. The solvent-free curable composiuons can provide coatings from 
very low to very high hardness and can cover a wide range of requirements to 
different coalings applications. 

3. The solvent-free curable compositions can be formulated to 
provide the best standard VOC as measured at the EPA definition or for actual 
VOC at the baking conditions. 

4. The solvent-free curable composiuons do not contain solvents 
causing inflammability as in prior an compositions. 
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5. The solvent-tree water extended curable composiiions of the 
present inveniion provide very low viscosity tor the .solvent-free systems even at 
ambient conditions. 

6. The solvent-free curable compositions of the present invention 
5 provide strong viscosity reduction, even at vcr\' mild heating. 
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CLAIM*;- 

We Claim: 



1. A polycsterdiol composition havine the average structure: 
HO [ROOC-R,.COO\ R-OH 

-herein R i.s a moiety derived from one or a mixture of aJiphatic diols having from 
2 .0 12 carbon atoms. R, .s a moiety derived from one or a mixture of ahphatic 
d,carboxylic acids having from 4 to 36 carbon atoms or a mixture of said aliphatic 
d.carboxylic acid with up to 50 moWc of an aromatic and/or cycloaliphatic 
dtcarboxylic acid having from 8 to 12 carbon atoms and n a number averaging 
from greater than 1 to less than 3. said polyester diol characterized bv a Broolf.eld 
viscosity of less than 3500 cps at 25»C. a non-volatile material content in excess of 
about 96 wt%. and a polydispcnsity of less than about 1.4. 

2. The polyesterdiol composition of claim 1 wherein said viscosity 
ranges from about 300 to about 2000 cps or 300 to 1000 cps. 

3. The polyesterdiol composition of claim 1 wherein the NVM 
contcni is in excess of about 98 vn% or in excess of about 99 wt%. 

4. The polye.sterdiol composition of claim 1 wherein said aliphatic 
cJiol is a branched chain diol having at least one alkyl substituent group at the alpha 
or beta positions from a hydroxyl group or is a 1.2 or 1.3 diol. 

5. The polyesterdiol composition of claim I having a number 
average molecular weight in the range of about 250 to 1 .000 or about 250 to 600. 

6. The polyesterdiol composition of claim 1 having a polydispersity 
of less than 1.25. 

7. The polyesterdiol composition of claim 1 which is essentially free 
of catalytic impurities. 

8. A process for producing a polye.sterdiol composition having a 
vi-scosity of less than 3500 cps at 25T. a non-volatile material content m excess of 
about 96 wi% and a polydispersity of less than 1 .4 comprising: 
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I. (a) heaiinc under esterification conditions and in the absence of 
added csierificaiion catalyst a mixture comprisinc: (i) at least one 
aliphatic dicarboxylic acid or anhydride thereof or a mixture of an 
aliphatic dicarboxylic acid or anhydride thereof with up to 50 mol^ 
of an aromatic or cycloaliphatic dicarboxylic acid or anhydride 
thereof and (ii) at least one aliphatic dioK said diol present at a 
molar ratio of diol to dicarboxylic acid of at least 1.5 to 1; 

(b) continuing said heating until a polyesterdiol having an acid 
number of less than 20 is obtained: or 

II. (a) heating under esterification conditions and in the presence of 
catalytic quantities of esterification catalyst a mixture comprising: 
(i) (A) at least one aliphatic dicarboxylic acid or anhydride thereof 
or lower alkyi diestcr thereof, or (B) a mixture of aliphatic 
dicarboxylic acid or anhydride thereof or lower alkyl diestcr thereof 
and up to 50 mol% of an aromatic or cycloaliphatic dicarboxylic 
acid or anhydride thereof or lower alkyl diesier thereof and (ii) at 
least one aliphatic diol. said diol present at a molar ratio of diol to 
dicarboxylic acid or derivative thereof of at least 1.5 to I; 

(b) condnuing said heating until said esterification reaction is 
substantially complete and an acid number of less than 20 is 
achieved: 

(c) removing said esterification catalyst from the product of 
step (b) such that the product contains less than catalytic quantities 
of said catalyst: and 

III. stripping the product by heating at a temperature of less 
than about 230**C opdonally under vacuum, until a polyesterdiol 
having an NVM content in excess of 96 wt% is obtained. 

9. The process of claim 8 wherein said heating step (b) is continued 
until an acid number of less than 10 is obtained or until an acid number of less than 
3 is obtained. 
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10. The process of claim 8 wherein said stripping step (c) is 
conducted under vacuum such that a polyesterd.ol having an NVM content of a. 
least about 98 m% is obtained or NVM content of at least about 99 wt% is 
obtained. 

11. The process of claim 8 wherein the molar ratio of diol to 
dicarboxylic acid is from about 2:1 to 6:1 or from about 2:1 to 4:1. 

12. The process of claim 8 wherein said stripping step is conducted 
under vacuum at a temperature in the range of about 120" to 200°C. 

13. The process of claim 8 wherein said dicarboxylic acids arc in 
the form of C. to C. alkyl diesters and wherein step (b) is conducted until the 
diester alcohol by-product is essentially liberated and removed by distillation. 

1 4. The process of claim 1 3 wherem said C, to C. alkyl diesters are ' 
the dimediyl esters. 

1 5. The process of claim 1 3 wherein said stripping step Ul is 

conducted under vacuum such that a polyesterdiol having an NVM content of at 

_ least about 98 wt% is obtained or an NVM content of at least about 99 wt% is 
obtained. 

16. The process of claim 8 wherein said dicarboxylic acid 
component is an aliphatic dicarboxylic acfd or acid anhydride or lower dialkyi ester 
thereof. 

17. The process of claim 8 wherein said csterification catalyst is 
r^nioved in step II.(c) by converting the catalyst into a compound insoluble in the 
product of step ll.(b). followed by separation of the insoluble compound from the 
product of step n.(b). 

18. The process of claim 8 wherein said stripping step is conducted 
under vacuum at a temperature in the range of about 1 20" to 200''C. 

19. The process of claim 8 wherein the molar ratio of diol to 
dicarboxylic acid or derivative thereof is from about 2: 1 to 6: 1 or from about 2" I 
to 4:1. 
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10 



15 



20 



25 



20. The process of claim 8 wherein sicp II.{b) is continued until a 



product having an acid number of less than 10 is achieved or an acid number of less 
than 3 is achieved. 



21. A polyesterdiol composition prepared by the process of claim 



22. The polyesterdiol composition of claim 1 further containing a 



23. The polyesterdiol composition of claim 1 further containing a 



crosslinking agent for said polyesterdiol present in an amount effective to crosslink 
the composition. 

24. The polyesterdiol composition of claim 23 wherein said 
polyesterdiol is essentially free of catalytic impurities. 

25. The polyesterdiol composition of claim 23 wherein said 
crosslinking agent is a methylol (alkyoxymcthyl) amino crosslinking agent 

26. The composition of claim 23 further containing a phenol 
functional hardening agent present in said composition at a level of from about 1 to 
50 wt%. based on the weight of said polyesterdiol and said crosslinking agent 



27. The composition of claim 26 wherein said hardening agent is an 



ester reaction product of parahydroxybenzoic acid and a glycidyl ester of a tertiary 
monocarboxylic add. 



28. A crosslinkable coating composition comprising a mixture of; 

(a) one or a mixture of a poly(oligo)meric hydroxy-functional 
polymer components selected from the group consisting of 
di(poly)csicrs, alkyd resins, acrylic resins, polyethcr polymers, 
polycarbonate resins, and poly(oligo)mers which contain a 
combination of two or more of ester, ether, carbonate, acrylic and 
alkyd moieties in their structure, said polymeric component further 
characterized as a having a number average molecular weight within 
the range of about 250 to about 20,000; and 

(b) from about 2 to about 95 wt% of the polyesterdiol 
composition of claim 1. 



8. 



phenol functional hardening agent 
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29. TTie composition of claim 28 funhcr containing a crosslinking 
agent for said composition present in an amount effective to crosslink said 
composition. 

30. The composition of claim 29 wherein said crosslinking agent is 
a methylo! (alkyoxymcthyl) amino crosslinking agent. 

31 . The composition of claim 28 further containing a phenol 
functional hardening agent 

32. The composition of claim 29 further containing a phenol 
functional hardening agent present in said composition at a level of from about 1 to 
50 w,%. based on the weight of said poly(oligomeric) polymer component said 
polyesterdiol and said crosslinking agent 

33. The composition of claim 32 wherein said hardening agent is an ' 
ester reaction product of para-hydroxyben.oic acid and a glycidy] ester of mixed 
ternary monocarboxylic acids having an average of 9 to 1 1 carbon atoms or 
mcthylol (alkoxymcthyl) amino crosslinking agent 

34. A process for preparing a cured coating composition 

comprising: 

(a) applying the composition of claim 22. 23. 24, 26. 28. 29. or 
32 to a substrate; 

(b) drying said coating; and 

(c) heating the coated substrate for a time and at a temperature 
sufficient to cure said coating. 

35. A process of claim 34 wherein the coating composition 
contains an organic solvent 

36. A cured coating composition prepared by tiie process of claim 

34. 
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37. A composition useful as a reactive diluent and hardening agent 
for hydroxy functional poly(oIigo)mer and araino-crosslinker compositions, 
comprising: 

(a) 10-95 wi.% of a polyestcrdiol of claim 1 having a Mn less 
5 than 700; and 

(b) 5-90 wt.% of a hardening agent compatible with said 
polyestcrdiol and having a Mn less than 800; 

said composition having a viscosity less than 85,000 cps and a non- 
volatile material content of more than 96 wt.%, or of 98-100 wt.% and a viscosity 
1 0 of less than 50,000 cps. 

38. A crosslinkable coating composition which is essentially free of 
volatile organic solvent and which has a Brookfield viscosity of less than 3,000 at 
25**C, comprising a mixture of: 

(a) a polyestcrdiol having the average suiicture: 
15 HO[ROOC-RrCOO]„R-0H 

wherein R is a moiety derived from one or a mixture of aliphatic 
diols having ftom 2 to 12 carbon atoms* R| is a moiety derived from 
one or a mixture of aliphatic dicarboxylic acids having from 4 to 36 
carbon atoms or a mixture of said aliphatic dicarboxylic acid with 

20 up to 50 mol% of an aromatic and/or cycloaliphatic dicarboxylic 

acid having from 8 to 12 carbon atoms and n a number averaging 
from greater than 1 to less than 3, said polyester diol characterized 
by a Brookfield viscosity of less than 3500 cps at 25*C, a non- 
volatile material content in excess of about 96 wt%, a polydispcrsity 

25 of less than about 1 .4 and a number average molecular weight of 

less than about 700: 

(b) an amino crosslinldng agent, present in said composition in 
an amount sufficient to crosslink said composition; and 

(c) 0 up to about 50 wt% of a hardening agent containing 
30 functional groups reactive with said amino crosslinking agent and 
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which is compatible with said poly«tcrdiol. said hardening agent 
having a number average molecular weight of less than about 800. 

39. The composition of claim 38 which contains less than 3 wt% of 
volatile organic solvent and unrcacted diol. 

40. The composition of claim 39 which contains less than 2 wt% of 
volaule organic solvent and unreacted diol. 

41. The composition of claim 38 which contains less than 0.5 wt.% 
of volatile organic solvent and unreacted diol. 

42. The composition of claim 38 wherein said polyesterdiol has a 
Brookficid viscosity at 25"C in .he range of from abom 300 to less than 2.000 cps. 

43. The composition of claim 42 wherein said polyesterdiol has a 
Brookfield viscosity at 25-C in the range of from about 300 to less than l.OOOcps. ~ 

44. The composition of claim 38 wherein said polyesterdiol has a 
number average molecular weight of less than about 500 and a polydispersity of 
less than about 1.25. 

45. The composition of claim 38 wherein said acid componem of 
said polyesterdiol consists of one or a mixture of aliphatic dicarboxylic acids having 
from 4 to 10 carbon atoms. 

46. The composition of claim 45 wherein said polyesterdiol has a 
number average molecular weight of less than about 400 and a polydispemty of 
less than about 1.25. 

47. The composition of claim 38 wherein said aliphatic diol 
component of said polyesterdiol is a branched chain diol having at least one alkyi 
substituent group at the alpha or beta positions frx.m a hydroxyl group. 

48. The composition of claim 47 wherein said aUphaUc diol is a I 2 

or 1,3 diol. 

49. The composition of claim 38 wherein said amino crosslinking 
agent is a methylol (alkoxymethyl) amino compound wherein the alkoxy group 
contains 1 to 4 carbon atoms. 

50. The composition of claim 49 wherein the alkoxy methyl gr^up 
is essentially methoxymcthyl group. 
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51. The coraposidon of claim 38 wherein said polycstcrdiol is 
essentially free of catalytic impurities. 

52. The composition of claim 51 wherein said polycstcrdiol is 
produced by the process of claim 8. 

5 53. The composition of claim 51 wherein said polyesierdiol is 

produced by the process of claim 9. 

54. The composition of claim 38 wherein said polycstcrdiol is 
produced by the process of claim 8. 

55. The composition of claim 38 which further contains an amount 
10 of added water sufficient to reduce the viscosity of said composition. 

56. The composition of claim 55 wherein said added water 
comprises from about 0.5 to about 20 wt.% of said composition. 

57. The composition of claim 55 which has a Brookfield viscosity 
at 25"C of less than about 2000 cps. 

15 58. The composition of claim 57 which has a Brookfield viscosity 

at 25T in the range of about 300 to about 1 .000 cps. 

59. The composition of claim 55 which has a Brookfield viscosity 
at 60**C of less than about 350 cps. 

60. A composition of claim 59 having a Brookfield viscosity at 
20 60°C of about 50-150 cps. 

61 . The composition of claim 55 wherein said amino crosslinking 
agent is hcxamcthoxymethylmelaminc. 

62. The composition of claim 38 containing at least about 1 wi% of 
said hardening agent 

25 63. The composition of claim 62 wherein said hardening agent 

contains phenol fimctionality. 

64. The composition of claim 63 wherein said hardening agent is a 
bisphenol compound. 

65. The composition of claim 64 wherein said hardening "agent is 

30 bisphenol A. 
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66. nie composiiion of claim 64 wherein said hardening a^ent is a 
bis ester of parahydroxybenzoic and with a diol. 

■67. -The composition of claim 62 wherein said hardening agent has 



the structure: 



wherein R.. R, and R.p are the same or different C. to Q mixed lucyl groups 
totaling 3 to 12 carbon atoms. 

68. The composition of claim 67 wherein said hardening agent is 
the reaction prx^duct of par;,-hydroxybenzoic acid and a glycidyl ester of 

neodecanoic acid. 

69. The composition of claim 62 wherein said hardening agent has 
a number average molecular weight in the range of about 200 to about 500. 

70. A process for preparing a cured coating composiiion 



comprising: 



70. 



comprising: 



72. 



(a) applying the coating composiiion of claim 38 or 55 to a 
substrate: 

(b) drying the coadng; and 

(c) heating the coated substrate for a time and at a temperature 
sufficient to cure said coating. 

71. A cured coating composition prepared by the process of claim 

72. A process for preparing a cured coating composition 

(a) applying the coating composition of claim 62 to a substrate: 

(b) drying the coating: and 

(c) heating the coaled substrate for time and at a temperature 
sufficient to cure said coating. 

73. A cured coating composition prepared by the process of claim 
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74. A process for preparing a cured coating composition of the 
solvent and unrcactcd diol-frce composition of claim 38 comprising: 

(a) heating the coating composition to a temperature of up to 
80°C: 

5 (b) applying the heated composition to a substrate; and 

(c) heating the coated substrate for a time and at a temperature 
sufficient to cure the coating. 

75. A process of claim 74 wherein the coating composition is 
healed to a temperature of up to 60°C. 

10 76. A process for preparing a cured coating composition 

comprising: 

(a) heating the coadng composition of claim 55 to a 
temperature of up to 80°C; 

(b) applying the heated composition to a substrate; 
15 (c) drying the coating; and 

(d) heating the coated substrate for a time and at a temperature 
sufficient to cure the coating with a hardness of at least 7H. 

77. A cured coating composition prepared by the process of claim 

76. 

20 78. In a catalyzed coating process to achieve a coating having a 

first hardness and meeting EPA-measured VOC, the improvement comprising: 

(a) using on a substrate, a coating composition essentially free 
of volatile organic solvent and unreacted diol; and 

(b) (i) increasing the baking time or temperature or both; or (ii) 
25 reducing the catalyst level or activity; or (iii) both (i) and (ii); and 

(c) (i) producing a coating having hardness higher than said first 
hardness while meeting or reducing EPA-measured VOC; or (ii) 
reducing EPA-measured VOC while obtaining or exceeding said 
first hardness. 
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